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PROSTATE SPEC.FIC ANTIGEN OLICO-EPITOPE PEPTIDE 

HELD OF THE INVENTION 

The present i„ vemion relates gcneral]y , 0 rf 

specifically , ,„e presen , mvem , 0 „ ^ , q a ^ c 
p. ope peptide useful in generalmg psA spec;fic T ■ 
treatment of prostate cancer. 

BACKGROUND OF THE INVENTION 

man j ■ Ca " Cer ° f Pr ° Slale is ,he most — °"'y diagnosed cancer in 
™„ and ,s the second most common cause of cancer dM , h » 

it™' ,993> ' . ,f ^ - - ~* — — * ^ 

curable. However, a majority of cases are diagnosed a, ,a,er stages when 
-««*.. of the pr,mar y tumor has already occurred (Wang e, a,, ,982). Eveo 

S : I t:;: ,s prob,ema,ic because - m a " — * -° - .» l 

screens develop cancer. Presen, treatment for prosute cancer mcludes radica, 
P—mv. radtatton ,hera P y, or hormona, therapy. No m 
ctaly improved surv.va, ,„ cases of hormone refractor, d.sease. With s U g ,ca 
mervention, comp.e, eradication of the tumor ,s no, always achieved and , 
observed reoccurrence of ,„e cancer (12-68%, „ dependem ^ 
clinical tumor stage (Zielman a al, 1993) ti, 

i„„, j- " lus ' allernallve methods of treatment 

including prophylaxis or prevention are desirable. 

Prostate specific antigen (PSA) is a 240 amino acid member of ,he 
glandular kallikrein gene family. (Want, e, al ]«*■>■ w , °" he 

al ,oo n . (wangeial. 19S2, Wang e, al. 1 979; Bilhartz et 

al. 1990. PSA „ a senne protease, produced by normal prostatic tissue, and 
ecreted exclusively b y the epithelial ce„s „„,„g pmsallc acin , and ^ 
.982-. Wang e, al, ,979; L ,,ja et al, ,993). Prosaic specific ant.gen can b 



3CiD: cWO 9735021A2J_> 



sz 



Oc 



JO 30U3p,A3 [BOIUip inoqil* S3[EU1 JO BJ3S 3 q, Ul S, 9 A3[ M 0I JB p 3 ,0 353 p 

3q ubo u 3 g !lu , o, Jp3ds 3!1H1S0Jd - (e661 . 1B 59 Bfin 1[b j;> 8ub ^ . cg6i ^ 

13 3ubav) spnp puB iu.oe opioid Sum., s lp3 jEipqiids 9qi Aq Xp,Msn,ox 3 p3 } 9J93 s 
pus 'snssu oiiBjsojd jbuijou Aq psonpojd ' 3S B 3 ]0Jd auuss b si V Sd "(1661 'l« 
13 zjJHqna : 6£6I -,b 39 Subaa :c86I '!H 13 Sub M ) -yCiiuiBj 3U9 § upj>n tl E>i jqnpus^ 
sqi jo jsqwsui pp B ouiujb ofrZ b si ( V Sd) uaSijuB oypsds sibisojj 

siqBiisap 3je uonu 3 A3jd jo sixBjAqdoad Suipnpui 
1U3LUJF3J] jo spoq 13 tu 3 aubu J3J |b -snqx -( €6 6I 'I* 13 ubujj 3 i Z ) 3 3eis JOUIIU [B.IU.p 
IBUiui sqj uodn ju 3 pu 3 d 3 p si (% 8 9-ZI) J*>ubo sifl jo sougxinaDo-si p3AJ 3S qo 
sip P ub p 9 A 3! qDB sXba\ ( b jou si jomm 9 qj J0 uoubdi P bj 3 3 } 91 dujoo 'uonus/usiui 

[BDtgjnS MUM 3SE3Sl P A-JOJOBJJSJ 9UOUIJ 0 q JO S3SED UI [BAIAJnS pSAOjdtUI A}JB9p 

ssq Xd EJ3 q3 oimaiSA-s o N -AdBisqi lEUOuuoq jo 'AdBJ 9 qj uopBipBJ •/CuiojoaiBjsojd 

(BOipBJ S3 P n[0U! i 9 0UB0 SJBlSOJd JOJ JUSUJ JB9JJ J U3 S3J d ' J3DUB3 dO[3A 3 p SU33J3S $1 

sssqi ui SAqisod :s 3 j oqM siBnpiAtpui H b jou ssnBoaq opEuisiqojd si sisouSsip Xjjbs 
U3A 3 '(Z86I 'I* 13 3m>A\) psj-inooo XpB3j|B SEq joiuni AJBUiud aqj jo sisfisbisuj 

U 3 q/A S9 §B}S J3JEJ ]E pSSOLlSsip 3JE S3SBD JO XjUOfBUI B 'J3A3MOH SRE-inO 

X t iEnu3:od si jsoueo siEisojd X|JE3 ue je paioa^p j] -( E66I • fB , 3 j W iuquuv 

: 066I 'IB 13 J3UE3) qiE3 P J30UE3 JO SSriBO UOUIUJOD JSOUJ pUO03S 3qj SI pUB U3LU 
UI J3DUE0 P3 SOU§Bip XjUOUJUIOD 3S0UI 3qj SI SJEJSOjd 3qj JO J30UB3 

NOLLN3ANI 3H1 AO OMlOyOXDVa 

•J30UB3 3JE}SOjd JO 3U3UIJE3JJ 

jo uonu3A3jd joj wfcoi]dw£\ ± oijpsds VSd SuijejsusS ui jnjasn apijdad sdojida 
-ogip (VSd) uaiiiuB oypsds sisisojd b 01 ssiepj uouusaui jusssjd sqi 'XnBoyiDsds 
'(VSd) iraSijuB oijpsds-aiBisojd ueiielulueui b oj sssuodssj sunujuit lEJOtunq 

PUB -rejnipD JO UOUBJ3U3S Ot Xjp3J3U 3 § S31BI3J U0IJU3AUI lU3S3id 3qX 

NOIXN3ANI 3RL JO 01313 



HQIldHd HdOlIdH-OOHO N30IXNV DIdID3dS HlVlSOHd 



- I - 



01 



i Z0S£/L6 OM 



WO 97/35021 

fCT/US97/04454 



10 



15 



20 



30 



Currently, models for the evaluation of prostate therapeutics include 
the canine (McEntee et al. 1987) and the Dunning rat (Isaacs et al, 1986)- neither 
of these modds, however, are practical for the study of PSA-recombinani vaccines 
due to the very low homology of rat and canine PSA to human PSA (Karr et al 
1995; Schroder et al, 1982). In contrast, the prostate gland of the rhesus monkey 
is structural^ and functionally similar to the human prostate (Wakui et al 199^) 
At the molecu.ar level there is 94% homology between either the amino add or ' 
nude, acid sequences of rhesus PSA (Gauther et al. .993) and those sequences of 
human prostate specific antigen (Karr et al, 1995; Lundwall et a,, ,987) Thus 
human PSA ,s essentia.ly an autoantigen ,n the rhesus monkey. According the 
rhesus monkey can serve as a model for autologous anti-PSA immune reactions 

Smce PSA shares extensive homology with members of the 
kalhkrein gene family which are expressed in norma, tissue, it is important to use 
minimal epitope peptides to avoid unwarranted cross reactivity. These epitopes 
have been selected for their divergence with members of the kaJ.ik.ein gene family 

p , A . StUdieS dlSCl ° Sed in U - S - Se - ] No. 08/500,306 have shown that two 
FbA epitope peptides (PSA-1 and PSA-^ in m »re i 

° Fi,A 3) ' 10 " mers sel ected to conform to human 

C ' aSS '- A2 m ° tifS ' Can eflcit CTL responses in both normal donors arid 
patients with prostate cancer. (Correaie et al. ,995) The present invention 
.doses the advantage of PSA-oIigc-epitope peptides comprising more than one 

e P lt0 P e Peptide in generating PSA specific cellular ; mm 

e, speunc cenuiar immune responses. 

SUMMARY OF TmBj N VENTfON 
The invention is a prostate specific antigen o.igo-ep.tope peptide and 
ana.ogs thereof which are immunogenic amongst mdiv.dua.s with at .east one 
HLA-class 1 allele, preferably more than one HLA-class I al.ele. The prostate 
specific antigen o.igo-epitope peptide comprises more than one 8 to ,2 mer PSA 
epuope peptide adjoined together. e,ch 8 to ,2 mer PSA ep.tope peptide binds to a 

21 T 1 m ° ,ecule type - The 8 to 12 mer PSA ^ ^ ~y 

adjoined via a short amino acid sequence. 

The prostate specific antigen o.igo-epitope peptide and analogs 
thereof el, Cl t PSA specific cytotoxic T lymphocytes which lyse cells having bound 
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thereto PSA, fragments of PSA, or one or more PSA epitope peptides thereof. 

Another object of the invention is a pharmaceutical composition 

comprising a prostate specific antigen oligo-epitope peptide or analogs thereof and 

a pharmaceutical^ acceptable carrier. The pharmaceutical composition is useful as 
5 an immunogen and as a therapeutic in the prevention or treatment of prostate 

cancer and in inhibiting growth of PSA + cancer cells. 

Another aspect of the invention is a method of generating PSA 

specific cytotoxic T lymphocytes by in vivo administration of an effective amount 

of a prostate specific antigen oligo-epitope peptide or analogs thereof, alone or in 
10 combination with an adjuvant or liposomes. The PSA specific cytotoxic T 

lymphocytes which arise from immunization are useful in methods of inhibiting or 

killing PSA positive tumor cells in a mammal. 

Yet another aspect of the invention is a method of generating PSA 

specific cytotoxic T lymphocytes in vitro by stimulation of lymphocytes from a 
15 source with an effective amount of a prostate specific antigen oligo-epitope peptide 

or analogs thereof, alone or in combination with one or more cytokines to generate 

PSA specific cytotoxic T lymphocytes. Such PSA specific cytotoxic T 

lymphocytes may be adoptively transferred into a mammal for the prevention or 

treatment of prostate cancer and for inhibiting or killing PSA positive tumor cells. 
20 A further object of the invention is a DNA sequence encoding a 

prostate specific antigen oligo-epitope peptide comprising more than one 8 to 12 

mer PSA epitope peptide or analogs thereof, each 8 to 12 mer PSA epitope peptide 

binds to a human HLA class I molecule type. 

An object of the invention is a vector comprising at least one 
25 insertion site containing a DNA sequence encoding a prostate specific antigen 

oligo-epitope peptide or analogs thereof, operably linked to a promoter capable of 

expression in a host cell. 

Another aspect of the invention is a method of generating PSA 

specific cytotoxic T lymphocytes by administration into a mammalian host an 
30 effective amount of a recombinant virus vector comprising at least one insertion 

site containing a DNA sequence encoding a prostate specific antigen oligo-epitope 

peptide or analogs thereof. 
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We have discovered that by using a recombinant viral vector 

preferably a pox virus vector havine at „„ • 

i~ or naving at least one insertion site containing a DNA 

segment encoding prostate-specific antigen (PSA), or a cytotoxic T-cell eliciting 
epitope thereof, operably iin.ed to a promoter capab.e of expression m the host a 
specific humor and cellular immune response to PSA can be generated The ' 
-hod preferably composes introducing a sufficient amount of the recombinant 

Z T T or int0 3 host to stimulate the immune "< — g the 

h t W ' th addU,0nal PSA " ^ ^-als thereafter. The add.tiona, PSA or a 
cytotoxic T- ce n Siting epitope thereof, may be adde. by using a second £ 

;::::: r d f r a different pox genus - in ^ — - — 

- be added by con.cfing the host with PSA by , variety of other ^ 

itair one preferred embodimem add,n§ psa - The psa ™* * 

with an adjuvant or in a liposomal formulation. 

In a further embodiment, an immune response to PSA can.be 
generated by contacting the host initially with a sufficient amount of PSA or a 
cytotoxic T- cel] eliciting epitope thereof, to striate an immune response 
P nod lc intervals thereafter contacting the host with additional PSA The 
additional PSA, or a cytotoxic T-cell generating fragment thereof, may be adde, 
using a pox virus vector as discussed above. 

We have aiso discovered that human cytotoxic T-cells specific for 
PSA can be produced using a cytotoxic T r»u -r v 

♦ h „ u cytotoxic T-cell eliciting epitope of the PSA and that 

these cells have the ability to W PS a „ v „ • u tnat 

'"y to lyse PSA-expressing human prostate carcinoma cells 

. AS hCrein tHe t£rm > os ^ specific antigen" includes the 
na ve P-ein whether punfied from a native source or made by recombmant 
^hn logy, as wel, as any polypept.de, mutein or portion denved therefrom that is 
apable of generating an .mmune response to a native conformation^ correct 
PSA. For example, one can make conservative amino acid substitutions ,n the 
molecu e without adversely affecting the abihty to use the recombmant to generate 
an antibody that will also recognize native PSA. 

The pox virus is preferably selected from the group of pox v.ruses 
consistmg of suipox, avipo x , capripox and or[hopQx ^ 
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canary pox and pigeon pox. A more preferred avipox is fowlpox. The preferred 
suipox is swinepox. 

Vaccinia viral vectors may elicit a strong antibody response. Thus, 
while numerous boosts with vaccinia vectors are possible, its repeated use may not 
5 be preferred in certain instances. We have discovered that by using pox from 

different genera to boost, this sensitivity problem can be minimized. In accordance 
with the present invention, in order to avoid such problems, preferably, when the 
first or initial pox virus vector is vaccinia, the second and subsequent pox virus 
vectors are selected from the pox viruses from a different genus such as suipox, 
10 avipox, capripox or an orthopox immunogenically distinct from vaccinia. 

Adjuvants include, for example, RIBI Detox, QS21, alum and 
incomplete Freund's adjuvant. Liposomal formulations can also be used. 

Human cytotoxic T-cells specific for PSA produced in accordance 
with the present invention can be isolated from a human host. These cells can be 
15 used in drug assays, used to map cytotoxic T-cells eliciting antigen epitopes or in 
adoptive cell therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a Western blot of PSA from rV-PSA infected BSC- 
20 40 cells. Lanes 2-4 are extracts from supernatant fluid from cells infected 

overnight with rV-PSA at an MOl of 1, while Lanes 7-9 are extracts from the 
corresponding infected cells. Lanes 1 and 6 are supernatant extracts and cell 
extracts from V-Wyeth infected cells. Blot was developed using a specific MAb 
for human PSA. This blot illustrates that cells infected with rV-PSA authentically 
25 express and secrete the 33 kD PSA protein. 

Figures 2A, 2B and 2C show the manifestation of rV-PSA 
immunization. In Figure 2A, the area of lesions was measured 7 days following 
each inoculation of rhesus monkeys with either V-Wyeth (open circles) or rV-PSA 
(closed circles). In Figure 2B, the duration of the lesion was monitored as time of 
30 scab disappearance. In Figure 2C, the extent of lymph node swelling was recorded 
and characterized as very swollen (3 -f), i.e. more than two axillary nodes swollen; 
swollen (24*), i.e. one or two nodes easily palpable; marginally swollen (1-h), i.e. 
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one node was oare.y P al pabl e or no, swoHen (0), 7 days foHowing inoculation with 
vaccn.a virus. Each symbo. represents one monkey. 

an , F ' gUre 3 Sh ° WS 3min0 3dd of a prostate speaflc 

antigen ohgo-epitope peptide. 

specific Ml - R T ^ 4 ^ nUCl£iC SeqU£nCe encodin « 3 

specific antigen oligo-epitope peptide. 

*P -> „e and the X ho-l site. Coned ,„ t0 recomblnam ^ co * 

(PSA AA490-594,, an endoplasmic reticulum trafficking signal ( E3, l9K signal) 
a universal T helper epitope P ep, id e. tetanus moU CD4 ^ >' 

ep„ope). The 5 - - 3- insert has SEQ. 1D N0 , 14 . The comp ^ 5 - 
insert has SEQ. ID NO.: 15. Piementary 3-5 

1 5 DETAILED DESCRIPTION OF THE INVENTION - 

peptide The ^ ,nVemi0 " " ' ^ ^ <PSA) "'^o-epitope 

pe de. The prosla(e spedfic amjgen ^ p p 

^^^2 ta,,,,, : — — - portion jz 

20 host. S ° F b ' ndi " g ° f P °' ti °" ltereof > ™mmalia, 

'» genera!, tttmor associated antigen protons, such as PSA orotein 
are processed h y ,„ lr ace llul ar proteases into small epitope peptides Jl h 
-ported to the ce,I surface oound ,i 8h „ y in . deft on lhe HLA c|ass , ^ » 

* ii r::, r r ; p,< t pepiides ^ ,hey - — - 

the self m u. , S " 1Clud,ns tumor ce » s and are 

self molecules recog„, 2 ed ,„ conation with antigen by cy , oloxic T „,„ 

As disclosed herein, short PSA epitope peptides composed of an 
™ *,uenc e of aoou, 9 to ,0 a m ,„o acids hind direct, „„hi„ ,h e cleft of 
an HLA class , mo,ecu,e without intraceilular processing. Two such PSA epitope 
Peptide, P A, and PSA-3 are ocund by one specific HLA class I molecule J 
HLA-class I-A2. Each of these individual PSA ep.tope peptides dices PSA 
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specific cytotoxic T cells which lyse PSA V HLA-class I-A2 target cells. 

However, due to polymorphisms within the peptide binding cleft of 
class I molecules there are variations among individuals in the ability of their class 
I molecule types to bind antigens. Thus, while 9 mer and 10 mer PSA epitope 
5 peptides are effective in generating cytotoxic T lymphocytes in individuals having a 
HLA-class I A2 type, the same 9 mer and 10 mer PSA epitope peptides may not be 
effective or may be less effective in generating cytotoxic T lymphocytes in 
individuals having different interactions of HLA-peptide complexes with different 
T-cell receptor molecules, which can differ amongst individuals. 

10 The prostate specific antigen oligo-epitope peptide and analogs 

thereof of the present invention which comprises more than one 8 to 12 mer PSA 
epitope peptides linked together has the advantage of eliciting cellular immune 
responses in individuals having diverse HLA class I molecule types or alleles. The 
prostate specific antigen oligo-epitope peptide is processed by extracellular 

15 proteases or other mechanisms allowing the resulting PSA epitope peptide cleavage 
fragments to bind to the cleft of the same or several different HLA class I molecule 
types. 

Thus, the prostate specific antigen oligo-epitope peptide, in contrast 
to shorter individual PSA epitope peptides of about 8 to 12 mer, is immunogenic 
20 for a broad segment of the human population with differing HLA class I molecule 
types and differing T-cell receptor interactions with HLA class-I peptide 
complexes. 

The prostate specific antigen oligo-epitope peptide comprises peptide 
sequences which fit the consensus motif for at least one HLA class I molecule 
25 type, and preferably contains peptide sequences that fit the consensus motif of more 
than one HLA class I molecule type. 



peptide comprises more than one 8 to 12 mer PSA epitope peptide sequence which 
fits the consensus motif for one or more of the HLA class I molecule types, which 
30 include but are not limited to HLA-A1 1 HLA-A2, A3, AIL HLA-A24, HLA-A26, 
HLA-A28, HLA-A32, HLA-B7, HLA-B44, HLA-Cw3, HLA-Cw4, HLA-Cw5, 
Aw68 and B53. 



In one embodiment, the prostate specific antigen oligo-epitope 
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In another embodiment, the prostate specific antigen oligo-epitope 
pept.de comprises PSA peptide sequences which fit the consensus motif for HLA- 
A2 and HLA-A3. In yet another embodiment, the prostate specific antigen oligo- 
epitope peptide compnses PSA peptide sequences which fit the consensus motif for 
HLA-A2, A.3, All and B53. HLA class I molecule type, HLA-A3 is present in 
26 and 17% of North American Caucasians and blacks respectively. HLA class I 
molecule type, HLA-A 1 1 is present in 40% of the Asian population, and HLA-53 
» Present in 22% of blacks. Thus, the prostate specific antigen oligo-epuope ' 
peptide ls useful in generating a cellular .mmune response against PSA in a broad 
segment of the human population with differing HLA class I molecule types 

Individual 9 mer and 10 mer amino acid PSA epitope peptides are 
capable of generating cytotoxic T lymphocytes (CTLs) ,„ v Uro and capable of 

pulsing target cells for lysis by PSA-snecifir PTt « \a~a v 

j y specinc C, I Ls. Modeling studies have shown 
that the individual 9 mer or 10 m*r dca . ■, 

ai y mer or 10 mer PSA epitope peptides fits into the groove of a 

unique class I HLA molecu.e. A2. The present invention of linking various 
combinations of 8 to 12 mer PSA epitope peptides allows for one immunogen 
mstead of two or more separate immunogens, as the o.igo-epitope peptide is 
efficiently processed by proteases at the antigen presenting cell surface or target 
cell surface, or processed by other mechanisms to form appropriate smaller PSA 
epuope peptide cleavage fragments that interact or bind with the same class I 
molecule type or with a variety of class I molecule types resulting ,n the generation 
of a PSA specific ce.lular response in the majority of the human population. 

The PSA oligo-epitope peptide or analogs thereof generate cytotox.c 
T iymphocytes which inhibit or lyse target cells which express or have bound 
thereto PSA and target cells which express or have bound thereto one, preferably 
more than one 8 to 12 mer PSA epitope peptides. Additionally, target cells 
mh.bited or lysed by the cytotoxic T lymphocytes may have one HLA class I 
molecule type or a plurality HLA class I molecule types. 

The prostate specific antigen oligo-epitope peptide, analog or 
funct.onal equivalent thereof comprise more than one 8 to 12 mer PSA ep.tope 
peptide which conforms to at least one human HLA class I molecule type 
preferably more than one human HLA class 1 mo.ecule types. A first PSA epuope 
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peptide that conforms to a human HLA class I molecule type is adjoined to a 
second PSA epitope peptide that conforms to a human HLA class I molecule type. 
The first and second epitope peptides may be joined together directly or optionally 
joined together via a short amino acid linker sequence. The peptides are joined 
5 together by peptide bonds. 

The individual PSA epitope peptides which comprise the prostate 
specific antigen oligo-epitope peptide may each vary in the number of amino acids 
but typically comprise about 8 to about 12 amino acids, preferably about 9 to about 
10 amino acids. In one embodiment, the first and second PSA epitope peptide 

10 each comprise about 10 amino acids. 

The prostate specific antigen oligo-epitope peptide may comprise 
repeating units of the individual PSA epitope peptide, or combinations of repeating 
units. The total number of repeating units in the prostate specific antigen oligo- 
epitope peptide of individual PSA epitope peptides or combinations of PSA epitope 

15 peptides may be about 6 to about 8. 

When utilized, the amino acid linker sequence for joining the 8 to 12 
mer PSA epitope peptides comprises about 1 to about 10 amino acids, preferably 
about 1 to about 5 amino acids. In one embodiment, the linker comprises about 
three amino acids. In a particular embodiment, the linker sequence comprises Asp- 

20 His-Leu. The amino acid linker sequence is cleavable by proteolytic activity. 

In one embodiment, the prostate specific antigen oligo-epitope 
peptide comprises one or more PSA1 peptides having SEQ. ID No.: 1 or analogs 
thereof and one or more PSA2 peptides having SEQ. ID No.: 2 or analogs thereof. 
In a preferred embodiment, the prostate specific antigen oligo-epitope peptide 

25 comprises one PSA1 peptide and one PSA2 peptide linked together. 

Additionally, the prostate specific antigen oligo-epitope peptide 
comprises one or more additional PSA epitope peptides adjoined to the second PSA 
epitope peptide. In one embodiment, a third PSA peptide comprises an amino acid 
sequence which overlaps the sequence at the carboxyl terminus of the second PSA 

30 epitope peptide. The overlap in sequence may be by one to three amino acids. In 
one embodiment, the overlap is by two amino acids. In a particular embodiment, a 
third PSA epitope peptide comprises QVHPQKVTK (SEQ. ID NO. : 3) in which 
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the overlapping sequence is QV. 

In a preferred embodiment, the oligo-epitope peptide comprises the 

amino acid sequence: 

FLTPKKLQCVDLHVISNDVCAQVHPQKVTK (Seq. ID No • 4) 
and analogs and variants thereof. In one embodiment, the prostate specific antigen 
oligo-epitope peptide comprises analogs with substitutions that include but are not 
limited to valine at one or more positions at amino acid residue positions 148 149 
160 and/or 161. In yet another embodiment, the prostate specific antigen 
compnses analogs with deletions that include but are not limited to deletion of one 
or more amino acids at positions 151, 152 and 153. 

The prostate specific antigen oligo-epitope peptide may be obtain^ 
by recombinant DNA technology, by chemical peptide synthesis or by appropriate 
protease cleavage of the isolated, natural PSA. 

The prostate specific antigen oligo-epitope peptide or analogs thereof 
of the present invention may be formu,ated into a pharmaceutical composition in 
combination with a pharmaceutic^ accep.b.e carrier for use as an immunogen m 
a mammal, preferably a human or primate. The composition may further compose 
one or more other constituents to enhance the immune response which include but 
are not limited to biological response mod.fiers such as interleuk.n 2, interleukin 6 
mterieukin 12, interferon, tumor necrosis factor, GM-CSF and cyclophospham.de. ' 
The composition may also comprise at least one HLA class I molecule or a cell 
expressing at least one HLA class I molecule in combination with one or more 
prostate specific antigen oligo-ep.tope peptide or anaiogs thereof. 

The prostate specific antigen oligo-epitope peptide ,s administered to ■ 
a mammal in an amount effective in generating a PSA specific cellular immune 
response. The efficacy of the prostate specific antigen oligo-epitope peptide as an 
immunogen may be determined by ,„ vivo or vUw &$ ^ ^ m 

the art. These parameters include but are not limited to antigen specific 
cytotoxicity assays, regression of PSA' tumors, inhibition of PSA ' cancer cells 
production of cytokines and the like. 

The prostate specific antigen ol.go-epitope peptide may be 
administered in a dose of about 0.5 mg t0 about 100 mg per ^grarn body weight 
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of the mammal. Several doses may be provided over a period of weeks as 
indicated. The PSA-OP or analogs thereof may be administered alone or in 
combination with adjuvants, liposomes, cytokines, biological response modifiers, or 
other reagents in the art that are known to enhance immune responses. 

5 The PSA-OP may also be conjugated to other helper peptides or to 

larger carrier molecules to enhance the imrnunogenicity of the peptide. These 
molecules include but are not limited to influenza peptide, tetanus toxoid, tetanus 
toxoid CD4 epitope, Pseudomonas exotoxin A, poly-L-lysine, and the like. 

The invention also provides a method of generating PSA specific 

10 cytotoxic T lymphocytes in vivo or in vitro by stimulation of lymphocytes from a 
source with an effective amount of a prostate specific antigen oligo-epitope peptide 
alone or in combination with one or more cytokines in context of an HLA class I 
molecule to generate PSA specific cytotoxic T lymphocytes. The sources of 
lymphocytes include but are not limited to peripheral blood lymphocytes, tumor 

15 infiltrating lymphocytes, lymph nodes and the like. 

The invention encompasses a DNA sequence and analog and variant 
thereof which encodes a prostate specific antigen oligo-epitope peptide or analog 
thereof. In one embodiment the DNA sequence comprises: 
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of the mammal. Several doses may be provided over a period of weeks as 
indicated. The PSA-OP or analogs thereof may be administered alone or in 
combination with adjuvants, liposomes, cytokines, biological response modifiers, or 
other reagents in the art that are known to enhance immune responses. 
5 The PSA-OP may also be conjugated to other helper peptides or to 

larger carrier molecules to enhance the immunogenicity of the peptide. These 
molecules include but are not limited to influenza peptide, tetanus toxoid, tetanus 
toxoid CD4 epitope, Pseudomonas exotoxin A, poly-L-lysine, and the like. 

The invention also provides a method of generating PSA specific 

10 cytotoxic T lymphocytes in vivo or in vitro by stimulation of lymphocytes from a 
source with an effective amount of a prostate specific antigen oligo-epitope peptide 
alone or in combination with one or more cytokines in context of an HLA class I 
molecule to generate PSA specific cytotoxic T lymphocytes. The sources of 
lymphocytes include but are not limited to peripheral blood lymphocytes, tumor 

15 infiltrating lymphocytes, lymph nodes and the like. 

The invention encompasses a DNA sequence and analog and variant 
thereof which encodes a prostate specific antigen oligo-epitope peptide or analog 
thereof. In one embodiment the DNA sequence comprises: 
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the overlapping sequence is QV. 

In a preferred embodiment, the oligo-epitope peptide composes the 
amino acid sequence: 

FLTPKKLQCVDLHVISNDVCAQVHPQKVTK (Seq. ID No ■ 4) 
and analogs and variants thereof. In one embodiment, the prostate specific antigen 
oligo-epitope peptide comprises analogs with substitutions that include but are not 
limited to valine at one or more positions at amino acid residue positions 148, 149, 
160 and/or 161. In yet another embodiment, the prostate specific antigen 
comprises analogs with deletions that include but are not limited to deletion of one 
or more amino acids at positions 151, 152 and 153. 

The prostate specific antigen oligo-epitope peptide may be obtained 
by recombinant DNA technology, by chemical peptide synthesis or by appropriate 
protease cleavage of the isolated, natural PSA. 

The prostate specific antigen oligo-epitope peptide or analogs thereof 
of the present invention may be formulated into a pharmaceutical composition in 
combination with a pharmaceutical^ acceptable carrier for use as an immunogen in 
a mammal, preferably a human or primate. The composition may further comprise 
one or more other, constituents to enhance the immune response which include but 
are not limited to biological response modifiers such as interleukin 2, interleukin 6 
interleukin 12, interferon, tumor necrosis factor, GM-CSF and cyclophosphamide 
The composition may also comprise at least one HLA class I molecule, or a cell 
expressing at least one HLA class I molecule in combination with one or more 
prostate specific antigen oligo-epitope peptide or analogs thereof. 

The prostate specific antigen oligo-epitope peptide is administered to 
a mammal in an amount effective in generating a PSA specific cellular immune 
response. The efficacy of the prostate specific antigen oligo-epitope peptide as an 
tmmunogen may be determined by in vivo or in vino parameters as are known in 
the art. These parameters include but are not limited to antigen specific 
cytotoxicity assays, regression of PSA* tumors, inhibit.on of PSA ' cancer cells 
30 production of cytokines and the like. 

The prostate specific antigen oligo-epitope peptide may be 
administered in a dose of about 0.5 mg to about 100 mg per kilogram body weight 
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ACC AAG-3' (SEQ. ID NO. • 5) 
TGG TTC-5' (SEQ. ID NO.: f} 

Thr Lys (SE Q. ID NO. : 4 ) 



and analogs and variants thereof. 

Included in ,ha ambi, of ,he invemion are subs, itu ,io„s and deletions 
** ^ ^'^ te - ^^a,io„s resul, in a func , ioria% 
e.u.vaien, PSA-OP pep.ide or a peptide with enhanced immunogenic,^. ,„ one 
embod.men, a DNA sequence u substituted „i,h , he appropriate nucleic acids tha, 
encode a„a,o g s of the pros.te specie antigen o,i e o-epi,ope P e pl ,de based on 
ccdon degeneracy as are known in lhe art. Other substitutions ,„ the DNA 
stance include but are no, lim.ted to valine a, one or more pos.t.ons a, amino 
ac.d residue position 148, 149. 160 and/or 161. 

a DNA ' nVe ""° n ' Unb " C " COm P aSSeS — °- Ptamid. comprising 

ana ' 0S ° r "»»r which encodes a prostata specific 

ant.gen oligo-ep.tope peptide. The vectors may further compr.se one or more 
DNA sequences encoding helper pept.des or large carrier moieculefs, to enhance 
■he mmunogen.city of the PSA-OP. These additional DNA sequences encode 
■nolecu.es ,ha, include b u , are no, Lmi.ed to m „ U e„ 2 a ^ ^ 

r„r io w CD4 epi,ope ' pseudomonas ~ - 

one embodtment, the vector further comprises a tetanus toxoid CD4 epitope 
Of part.cu.ar .merest are recomb.nan, v.ra. vectors compns.ng a 
DNA sequence, analog or var.an, .hereof which encodes a prostate specific ant.gen 
ol.g -ep.tope pept.de or analogs thereof. ,„ one embod.ment. the recomb.nan, 
v,a, vector further comprises a tetanus toxoid CD4 ep.top, ,„ a particu.ar 
embcd.men, the recombinant v,ra, vector ,s recomb.nan, vaccinia comprismg a 
DNA sequence encoding a pros,, specific antigen ol.go-epitope peptide, a DNA 
*,ue„ce encod.ng endoplasmic reticulum , r af Mri g Slgral , ^ , DNA 
encod.ng tetanus toxoid CD4 epi.ope as depicted in Figure 5. 

Host cells which may express the DNA encod.ng the prostate 
specfic ant.gen oligo-epitope peptide or analogs thereof carried by vectors or 
Plasmtds are pro k aryo„c and eu k aryo,,c host ce„s and mclude bu, are no, l.mued 
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to E. coll, Listeria, Bacillus species, COS cells, CV-l t Vero ceils, BSC-40 cells, 
HuTkl43 cells, chick embryo fibroblasts, prostatic cells, tumor cells, antigen 
presenting cells and the like. When the host cells is an antigen presenting cell such 
as a dendritic cell, monocyte, macrophage, and the like or a target cell, the host 

5 cell should additionally express at least one MHC class I molecule. The MHC 
class I molecule may be expressed from an enndogenous gene or a gene 
exogenously added to the host cell. 

We have induced an immune response specific to PSA in the rhesus 
monkey model by placing the PSA gene into a recombinant viral vector, i.e. a pox 

10 vector such as vaccinia virus. 

Additionally, an immune response to PSA can be generated by 
contacting the host initially with a sufficient amount of PSA, or a cytotoxic T-cell 
eliciting epitope thereof, to stimulate an immune response and at periodic intervals 
thereafter contacting the host with additional PSA. The additional PSA, or a 

15 cytotoxic T-cell generating fragment thereof, may be added using a pox virus 
vector. 

A DNA fragment encoding the open reading frame of human PSA 
can be obtained, for example, from total RNA extracted from the human metastatic 
prostate adenocarcinoma cell line, LNCaP.FGC (CRL 1740, American Type Ceil 
20 Culture (ATCC), Rockville, MD) by reverse transcriptase PCR using PSA specific 
oligonucleotide primers 5 > TCTAGAAGCCCCAAGCTTACCACCTGCA V (SEQ. 
ID. NO.: 16), 5* 

TCTAGATCAGGGGTTGGCCACGATGGTGTCCTTG ATCC ACT 3' (SEQ. ID. 
NO.: 17). The nucleotide sequence of the PSA cDNA has been published 
25 (Lundwall et al, 1987). 

Recombinant human PSA can be obtained using a baculovirus 
expression system in accordance with the method of Bei et al, J. Clin. Lab. Anal. , 
9:261-268 (1995), the disclosure of which is herein incorporated by reference. 
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Viral Vector 



Basic techniques for preparing recombinant DNA viruses containing 
a heterologous DNA sequence encoding the carcinoma self-associated antigen or 
cytotoxic T-cell eliciting epitope are known to the skilled artisan and involve, for 
example, homologous recombination between the viral DNA sequences flantang the 
DNA sequence in a donor plasmid and homologous sequences present in the 
parental virus (Mackett et al. Proc^Nali^ad^Sd^ 79:74.5-7419 (1982)). 
For example, recombinant viral vectors such as a pox viral vector can be used in 
delivering the gene. The vector can be constructed for example by steps known in 
the art e g. analogous to the methods for creating synthetic recombinants of the 
fowlpox virus described in U.S. Patent No. 5,093,258, the disclosure of which is 
incorporated herein by reference. Other techniques include using a unique 
restriction endonuclease site that is naturally present or artificially inserted in the 
parental viral vector to insert the heterologous DNA. 
l5 Pox viruses useful in practicing the present invention include 

orthopox, suipox, avipox and capripox virus. 

Orthopox include vaccinia, ectromelia and raccoon pox. The 

preferred orthopox is vaccinia. 

Avipox includes fowlpox, canary pox and pigeon pox. The 

20 preferred avipox is fowlpox. 

Capripox include goatpox and sheeppox. 
A preferred suipox is swinepox. 

Other viral vectors that can be used include other DNA viruses such 
as herpes virus and adenoviruses, and RNA viruses such as retroviruses and polio. 

05 For example, the DNA gene sequence to be inserted into the virus 

can be placed into a donor plasmid, e.g. an E. coli plasmid construct, into which 
DNA homologous to a section of DNA such as that of the insertion site of the 
poxvirus where the DNA is to be inserted has been inserted. Separately the DNA 
gene sequence to be inserted is ligated to a promoter. The promoter-gene linkage 

30 is positioned in the plasmid construct so that the promoter-gene linkage is flanked 
on both ends by DNA homologous to a DNA sequence flanking a region of pox 
DNA which is the desired insertion region. With a parental pox viral vector, a 
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Pox promoter is used. The r^nhino , 

of replica.ion such ,s ,be fi . co „. 7* * ^ ^ also contains a „ ori6in 

with the parental virus e . noxv, o tmt " JO along 

"NA in the plasmid and the 1,71^'^°" ^ ^'"t^ >°* 
poxvirus modified by ,„ e p resence of -7 '"^'"^ resul,s j " * recombinant 
a site which does no, affec, ^ Z^^^ ~' <" >■> , 

As noted above th^ o*n« • • 
i" the virus which te n0 , ' f ™° « -*<>» ( i„ sert , on 

- — ,,a„ can ~ ~- 

"ndomiy testing ^ me „ ts of vi rus DNA i * "'^ fer 

formate without ser|ou . „ * for re «'°" s «»' allow recombinant 

tba, can tea ^ s^d" °' * ~„, One 

— mc, ge „. For e,m"e i m r — is - 

gnomes earned 'J^f ^ *»™Mn - P« vrus 

B ~ -pnpoxv.rus: Gershon et a ^ (shope 

sheep-,,; orthopoxv.rus: Weir e. a, , v 7< «" ('989, (Kenya 

et al, Virpjo^, ]35:56I - & " 530 ^3) (vacama); Esposito 

««■ ^ , (MO) cvLinia : *■* «^ - 

^a mo„ k ey tumor vim); * ^ '«:399 (1985) 

(1988, (fowlpox); Boyle et al v , UjSIl^YuaL 69: 1275 

« a., Uka^taL. 73:3,35-3240 ^,, qUailP ° X) '' "'""^ 

In vaccinia, in addition to the TK 
-,ude, for exampie, tbe H,„d ,„ M fra^ '"^ ^ 

In fowlpox, in addition to the ty 

— rsrr^rr 
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No. 0 308 220 Al. [Calvert et a., LofViroL 67:3069-3076 (1993); Taylor et al 
Yamne 6:497-503 (1988); Spehner et al (1990) and Boursnell et al, J of Gen ' 
YiroL 71:621-628 (1990)]. 

In swinepox preferred insertion sites include the thymidine kinase 

gene region. 

In addition to the requirement that the gene be inserted into an 
insertion region, successful expression of the inserts gene by the modified 
poxvirus requires the presence of a promoter operably iinked to the des.red gene 
i.e. ,n the proper relationship to the inserted gene. The promoter must be placed' 
so that it 1S located upstream from the gene to be expressed. Promoters are well 
known ,„ the art and can readily be selected depending on the host and the cell 
type you wish to target. For examp,e in poxviruses, pox viral promoters should be 
used, such as the vaccinia 7.5k, 40K or fowlpox promoters such as FPV CIA 
Enhancer elements can also be used in combination to increase the level of 
expression. Furthermore, the use of inducible promoters, which are also well 
known m the art, in some embodiments are preferred. 

A specific immune response for PSA can be generated by 
admimstering between about 10M0> pfu of the recombinant pox v,rus, constructed 
as discussed above to a host, more preferably one uses 10' pfu. The preferred host 
» a human. At .east one interval thereafter, which is preferably one to three 
-nths later, the immune response is boosted by administering additional antigen 
to the host. More preferabiy there is a « least a second "boost" preferab.y one to 
three months after the first boost. The antigen may be administered using the same 
pox V1 rus vector. The antigen may preferably be administered using a second pox 
vru, vector from a different pox genera, or may be adm.nistered dtrect.y using 
for exam P .e, an adjuvant or .iposome. Cytokines, e.g. IL-2, IL-6, IL-P or co- 
snmuiatory molecules, e.g. B7.1, B7.2 may be used as bioiogic adjuvants and can 
be admmtstered systemically to the host or coadministered via insertion of the 
genes encod.ng the molecules into the recombinant P ox vector. 

™ , A . AdjUV3ntS inC ' Ude ' f ° r CXam P le - RIBJ Detox (Ribi Immunochemical) 
QS21 and incomplete Freund's adjuvant. 
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Generation of Cytotoxic T-Cells 

Cytotoxic T-cells specific for PSA can be established from peripheral 
blood mononuclear cells (PBMC) obtained from a host immunized as discussed 
above. For example, PBMC can be separated by using Lymphocyte Separation 
5 Medium gradient (Organon Teknika, Durham, NC, USA) as previously described 
[Boyum et aJ, Scand J. Clin Lab Invest 21:77-80 (1968)]. Washed PBMC are 
resuspended in a complete medium, for example, RPMI 1640 (GIBCO) 
supplemented with 10% pool human AB serum (Pel-Freeze Clinical System, Brown 
Dear, WI, USA), 2mM glutamine, 100 U/ml penicillin and 100 tig/ml of 

10 streptomycin (GIBCO). PBMC at a concentration of about 2 x 10* cells in 

complete medium in a volume of, for example 100 mI are added into each well of a 
96-well flat-bottom assay plate (Costar, Cambridge, MA, USA). The antigen or 
peptides are added into the cultures in a final concentration of about 50 Mg/ml and 
incubated at 37°C in a humidified atmosphere containing 5% CO. for 5 days. 

15 After removal of peptide containing media, the cultures are provided with fresh 
human IL-2 (lOU/ml) after 5 days and replenished with IL-2 containing medium 
every 3 days. Primary cultures are restimulated with the same peptide (50 Mg/ml) 
on day 16. 5 x 10 5 irradiated (4,000 rad) autologous PBMC are added in a volume 
of about 50 jil complete medium as antigen-presenting cells (APC). About five 

20 days later, the cultures are provided with human IL-2 containing medium as 

described previously. Cells are restimulated for 5 days at intervals of 16 days. 

Epitope mapping 

The cytotoxic T-cells of the present invention can be used to 
25 determine the epitope of the PSA that elicits a cytotoxic T-cell. For example, one 
can cut the PSA into numerous peptide fragments. Alternatively, the fragments 
can be chemically synthesized. Cytotoxic T-cells can then be plated and different 
fragments added to different wells. Only T-cells which recognize one of the pre- 
selected peptide fragments as an epitope will continue to expand, thereby 
30 permitting ready identification. 

These fragments can then be used to elicit cytotoxic T-cell instead of 
using the whole protein. Additionally, one can prepare other fragments containing 
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the epitope to enhance its ability to elicit a cytotoxic T-cell response. 
Modifications to these fragments axe well known in the art and include the use of 
conjugates, specific amino acid residues such as cystines, etc. 

Drug Assay 

The cytotoxic T-cell can also be used to screen for compounds which 
enhance the ability of the antigen to create a cytotoxic T-cell response. For 
example, cytotoxic T-cells can be incubated with a selected epitope, for example, 
in a microliter plate. The compound to be tested, e.g. a drug, is then added to the 
well and the growth of the T-cells is measured. T-cell expansion indicates that the 
test compound enhances the T-cell response. Such compounds can be further 
evaluated. 
Therapy 

The cytotoxic T-cell can be cultured to amplify its number and then 
injected back into the host by a variety of means. Generally, between 1 x 10> and 
2 x 10" cytotoxic T-cells per infusion are administered in, for example, one to 
three infusions of 200 to 250 ml each over a period of 30 to 60 minutes. After the 
completion of the infusions, the patient, may be treated with recombinant 
interleukin-2 with a dose of 720,000 IU per kilogram of body weight intravenously 
every eight hours; some doses can be omitted depend.ng on the patient's tolerance 
for the drug. In addition, after infusion, additional antigen or fragments containing 
T-cell eliciting epitope(s) may be administered to the patient to further expand the 
T-cell number. The antigen or epitope may be formulated with an adjuvant and/or 
may be in a liposomal formulation. 

The cytotoxic T-cells can also be modified by introduction of a viral 
vector containing a DNA encoding TNF and reintroduced into a host in an effort to 
enhance the anti-tumor activity of the cells. Other cytokines can also be used. 

The recombinant vector can be administered using any acceptable 
route, including, for example, scarification and injection, e.g. intradermal, 
subcutaneous, intramuscular, intravenous or intraperitoneal. 

For parenteral administration, the recombinant vectors will typically 
be injected in a sterile aqueous or non-aqueous solution, suspension or emulsion in 
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association with a pharmaceutically-acceptable carrier such as physiological saJine. 



A number of pox viruses have been developed as live viral vectors 
for the expression of heterologous proteins (Cepko et al, CeM 37:1053-1062 
(1984); Morin et al, Proc. Natl. Acad. Sci USA 84:4626-4630 (1987); Lowe et al, 
Prpc. Natl. Acad. Sci USA, 84:3896-3900 (1987); Panicali 8c Paoletti, Proc. Natl. 
ACTd. Sci, USA, 79:4927-4931 (1982); Mackett et al, Proc. Natl. Acad. Sci. USA . 
79:7415-7419 (1982)). Representative fowlpox and swinepox virus are available 
through the ATCC under accession numbers VR-229 and VR-363, respectively. 

DNA Vectors For In Vivo Recombination With A Parent Virus 

Genes that code for desired carcinoma associated antigens are 
inserted into the genome of a pox virus in such a manner as to allow them to be 
expressed by that virus along with the expression of the normal complement of 
parent virus proteins. This can be accomplished by first constructing a DNA donor 
vector for in vivo recombination with a pox virus. 



REFERENCE EXAMPLE 1 
CONSTRUCTION OF VECTORS 



5 



Pox Viruses 



20 



In general, the DNA donor vector contains the following elements: 
(0 a prokaryotic origin of replication, so that the vector 

may be amplified in a prokaryotic host; 
00 a gene encoding a marker which allows selection of 



25 



prokaryotic host cells that contain the vector (e.g. a 
gene encoding antibiotic resistance); 



(iii) at least one gene encoding a desired protein located 



adjacent to a transcriptional promoter capable of 
directing the expression of the gene; and 



(i y ) DNA sequences homologous to the region of the 



30 



parent virus genome where the foreign gene(s) will be 
inserted, flanking the construct of element (iii). 



Methods for constructing donor plasmids for the introduction of 
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multiple foreign genes into pox virus are described in WO91/I9803, the techniques 
of which are incorporated herein by reference. In general, all DNA fragments for 
construction of the donor vector, including fragments containing transcriptional 
promoters and fragments containing sequences homologous to the region of the 
parent virus genome into which foreign genes are to be inserted, can be obtained 
from genomic DNA or cloned DNA fragments. The donor plasmids can be mono- 
, di-, or multivalent (i.e. can contain one or more inserted foreign gene sequences). 

The donor vector preferably contains an additional gene which 
encodes a marker which will allow identification of recombinant viruses containing 
inserted foreign DNA. Several types of marker genes can be used to permit the 
identification and isolation of recombinant viruses. These include genes that 
encode antibiotic or chemical resistance (e.g. see Syropoulos et al, J. Virol. 
62:1046 (1988); Falkner and Moss, J. Virol., 62:1849 (1988); Franke et al Mol. 
Wl ' BiQl ' 5:1918 (1985 >- as we » as genes such as the E. coli lacZ gene, that 
permit identification of recombinant viral plaques by calorimetric assay (Panicali et 
al, gene, 47:193-199 (1986)). 

Integration of Foreign DNA Sequences Into 

The Vu-al Genome And Isolation Of Recombinants 

Homologous recombination between donor plasmid DNA and viral 
DNA in an infected cell results in the formation of recombinant viruses that 
incorporate the desired elements. Appropriate host cells for in vivo recombination 
are generally eukaryotic cells that can be infected by the virus and transfected by 
the plasmid vector. Examples of such cells suitable for use with a pox virus are 
ch,ck embryo fibroblasts, HuTK143 (human) cells, and CV-1, Vero and BSC-40 
(monkey) cells. Infection of cells with pox virus and transfection of these cells 
with plasmid vectors is accomplished by techniques standard m the art (Panicali 
and Paoletti, U.S. Patent No. 4,603,112, WO89/03429). 

Following in vivo recombination, recombinant viral progeny can be 
identified by one of several techniques. For example, if the DNA donor vector is 
des.gned to msert foreign genes into the parent virus thymidine kinase (TK) gene 
viruses containing integrated DNA will be TK- and can be selected on this bas.s 
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(Mackette et al, Proc. Natl. Acad. Sci. USA 79:7415 (1982)). Alternatively, co- 
integration of a gene encoding a marker or indicator gene with the foreign gene(s) 
of interest, as described above, can be used to identify recombinant progeny. One 
preferred indicator gene is the E. coli lacZ gene: recombinant viruses expressing 6- 
5 galactosidase can be selected using a chromogenic substrate for the enzyme 
(Panicali et al, Gene . 47: 193 (1986)). 

Characterizing The Viral Antigens Expressed by Recombinant Viruses 

Once a recombinant virus has been identified, a variety of methods 
10 can be used to assay the expression of the polypeptide encoded by the inserted 

gene. These methods include black plaque assay (an in situ enzyme immunoassay 
performed on viral plaques), Western blot analysis, radioimmunoprecipitation 
(RIPA), and enzyme immunoassay (EI A). 

Example I 

15 Generation of PSA Specific Immune Response 

Materials and Methods 

Recombinant Vaccinia Virus 

A 786 bp DNA fragment encoding the entire open reading frame of 1 
human prostate specific antigen was amplified by reverse transcriptase PCR 

20 (GeneAmp RNA PCR Kit, Perkin Elmer, Norwalk, CT) from total RNA extracted 
from the human metastatic prostate adenocarcinoma cell line, LNCaP.FGC (CRL 
1740, American Type Culture Collection (ATCC), Rockville, MD). The predicted 
amino acid sequence derived from the PSA coding sequence was shown to be 
nearly identical to the published sequence (Lundwall et al, 1987), differing only in 

25 a change from asparagine to tyrosine at position 220. The PSA DNA fragment, 
containing the entire coding sequence for PSA, 41 nucleotides of the 5' 
untranslated region, and 520 nucleotides of the 3' untranslated region, was inserted 
into the Xba 1 restriction endonudease cleavage site of the vaccinia virus transfer 
vector pT116. The resulting plasmid, designated pTIOOl, contains the PSA gene 

30 under the control of the vaccinia virus 40K promoter (Gritz et al 1990) and the E, 
coli lacZ gene under the control of the fowlpox virus CI promoter (Jenkins et al, 
1991). The foreign genes are flanked by DNA sequences from the Hind III M 
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region of the vaccinia genome. A plaque-purified isolate from the Wyeth (New 
York City Board of Health) strain of vaccinia was used as the parental vtrus in the 
construction of the recombinant vaccinia v.rus. The generation of recombinant 
vaccinia virus was accomplished via homologous recombination between vaccinia 
sequences in the Wyeth vaccinia genome and the corresponding sequences in 
PT1001 in vaccinia-infected RK„ cells (CCL 37, ATCC) transfected with pTIOOl 
Other cell lines for generation of the recombinant include but are not limited to 
CV-1 and Vero. Recombinant virus was identified using a chromogenic assay 
performed on viral plaques in situ, that detects expression of the lacZ gene product 
m the presence of halogenated indolyl-beta-D-galactoside (Bluo-gal), as described 
previously (Panicali et ai, 1986). Appropriate blue recombinant viruses were 
purified by four rounds of plaque-purification. Virus stocks were prepared by 
clanfying infected R KlJ cell lysates followed by centrifugation through a 36% 
sucrose cushion. 



Characterization of Recombinant Virus 
Southern Analysis of DNA recombination 

The recombinant vaccinia genome was analyzed by viral DNA 
extraction, restriction endonuclease digestion with H.nd III and Southern blotting as 
20 previously described (Kaufman et a!, 1991). 

Western Analysis of Protein Expression 

Confluent BSC-40 cells were infected with either parental wild type 
vacama virus (designated V-Wyeth) or recombinant vacc,n,a-PSA (designated rV- 
PSA) at an MOI of 1 in Dulbecco's Modified Eagle's Medium containing 2% feta, 
bovine serum. After an overnight infection, the medium was removed from the 
cells, and an aliquot was methanol precipitated to assay for the presence of secreted 
PSA. The mfected cells were Iysed ,n hypotonic lysis buffer (150 mM NaCI 
0.05 % EDTA, 10 mM KC1, 1 mM PMSF) and then sonicated. Ce„ , ysa tes and 
cu,ture med.a were clectrophoresed on an SDS-10% acrylamide gei. The proteins 
were transblotted to nttrocellulose and the blot was mcuoated with a rabbit antibody 
sped, for PSA (P0798, Sigtna Chemical Co., St. Lou.s. MO) for 4 hours at 
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ambient temperature, washed and then incubated with goat anti-rabbit phosphatase- 
labeled secondary antibody (AP, Kirkegaard & Perry Laboratories, Gaithersburg, 
MD) and developed according to the manufacture's instructions. 

5 Generaiion of ' B- cell lines 

Monkey autologous B lymphoblastoid cell lines (BLCL) were 
established by infecting 1 x 1Q 3 freshly isolated PBMCs in 100 ml of RPMI 1640 
supplemented with L-glutamine, gentamicin, and 10% FCS (Biofluids, Rockville, 
MD) with 100 ml supernatant from S594 cells (kindly provided by Dr. M.D. 
10 Miller, Harvard Medical School, New England Regional Primate Research Center, 
Southborough, MA) which contains the baboon herpesvirus Herpes papio, in a 96 
well, flat-bottomed plate (Costar, Cambridge, MA). Following transformation, 
cells were expanded and media changed once weekly. 

15 Immunization of Monkeys 

Twelve juvenile male rhesus monkeys (Macaca mulatto), ages 1 to 2 
years, were assigned to three vaccination groups of four animals each. One animal 
from each group was prostatectomized. Animals were immunized 3 times on days 
1, 29 and 57. Doses of either 1 x 10 7 or 1 x 10* PFU of rV-PSA were 

20 administered to 4 animals by skin scarification. V-Wyeth (1 x 10 8 PFU) was 

administered to 4 animals as controls. The animals were housed and maintained at 
the Toxicology Research Laboratory, University of Illinois at Chicago (TRL/UIC) 
in accordance with the guidelines of the National Cancer Institute Animal Care and 
Use Committee and the Guide for the Care and Use of Laboratory Animals 

25 (Department of Health and Human Services Publication NTH 85-23, revised 1985 
by the FDA Center for Biologies Evaluation and Research Office of Biological 
Product Review, Division of Product Quality Control, Pathology and Primatology 
Laboratory, Bethesda, MD). 



30 Toxicology 

Physical examinations were performed on ketamine (Ketamine® HC1, 
10 mg/kg l.M.) sedated animals. Rectal temperatures and weights were recorded 
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for each monkey on a weekly basis. The vaccination site was observed and 
erythema and swelling were measured by caliper. Each animal was examined for 
regional lymphadenopathy, hepatomegaly, and splenomegaly. Any other gross 
abnormalities were also recorded. 

Blood was obtained by venipuncture from the femoral vein of 
ketamine sedated animals before and after each immunization. A complete blood 
count, differential hepatic and renal chemistry evaluation was performed on each 
monkey by TRL/UIC. Results were compared to normal primate values (Kantor et 
aJ.. 1992b). Circulating levels of PSA before and after immunization were 
analyzed by radioimmunoassay (Tandem-, Hybritech, San Diego, CA). 

Measurement of Antibody Titers 

Prior to each immunization and 2 weeks following each 
immunization, anti-PSA antibody was quantified by ELISA. Microliter plates were 
coated with punfied PSA (100 ng/well, Calbiochem. La Jolla, CA), ovalbumin 
(100 ng/well, Sigma), or 1x10' PFU/well UV-inactivated V-Wyeth in PBS The 
plates were blocked with 2% BSA in PBS, dried and stored at -20°C until used 
The plates were incubated with serum diluted 1:5, as well as a monoclonal 
antibody for PSA (DAKO M750, Denmark) as a standard control, for 24 hours at 
4°C. Plates were washed several times with PBS containing 1 % BSA and 
incubated at 37°C for 45 min with horseradish peroxidase-conjugated goat anti- 
human IgG or IgM heavy chain specific antiserum (1:8000) (Southern 
Biotechnology Associates, Birmingham, AL) and antibody detected by HRP 
substrate system (Kirkegaard & Perry Laboratories, Gaithersburg, MD) according 
to the manufacture's instructions. The absorbance of each well was read at 405 nm 
using a Bic-Tek EL310 microplate ELISA reader (Winooski, VT). 

Lymphoproliferative Assay 

Autologous monkey BLCL were plated at a density of 3 x 10' 
cells/wells in 24 well plates with 160 mg/well purified PSA (Fitzgerald, Concord 
MA) or 160 mg/well ovalbumin (Sigma) a 37°C for 24 hours. Cells were then y 
eradiated (14000 rad), harvested, washed and suspended at a final concentration of 
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1 x 107ml. Fresh monkey PBMCs from heparinized blood, 6 we«ks to 7 months 
after the last immunization, were isolated on lymphocyte separation medium 
(Organon Telcnika, West Chester, PA). Lymphoproliferative responses were 
evaluated by co-culturing 1.5 x IV cells with 5 x 10 s cells/well of autologous 
5 BLCL in 0.2 ml of RMPI 1640 supplemented with 10% heat-inactivated fetal calf 
serum in flat-bottomed 96 well plates (Costar) for 5 days. PBMCs were cultured 
with 2 x 10' PFU/ml UV-irradiated V-Wyeth as a recall antigen or 2 mg/ml Con-A 
as positive controls. Cells were labeled for the final 12-18 h of the incubation with 
1 mCi/well [ 3 H]thymidine (New England Nuclear, Wilmington, DE) and harvested 
10 with a PHD cell harvester (Cambridge Technology, Cambridge, MA). The 
incorporated radioactivity was measured by liquid scintillation counting (LS 
6000IC; Beckman, Duarte, CA). The results from triplicate wells were averaged 
and are reported as mean + SEM. 

15 Results 

Generation and Characterization of Recombinant Virus 

The cDNA fragment encoding the open reading frame of human 
PSA was obtained by reverse transcriptase PCR using PSA specific oligonucleotide 
primers 5' TCTAGAAGCCCCAAGCTTACCACCTGCA 3' (SEQ. ID. NO.: 16), 

20 5' TCTAGATCAGGGGTTGGCCACGATGGTGTCCTTGATCCACT 3' (SEQ. 
ID. NO.: 17), and ligated into the vaccinia virus transfer vector pT106. This 
vector contains a strong vaccinia virus early/late promoter (designated P40) 
upstream of the multiple cloning sited to drive the synthesis of the inserted gene 
product. The ligation and orientation of the PSA DNA fragment, as well as 

25 promoter position were verified by PCR and sequencing. The chimeric vector 
construct was inserted into the vaccine virus genome Hind III M site by 
homologous recombination as previously reported (Kaufman, et al., (1991)), and 
confirmed by Southern analysis probing with 3: P radiolabeled DNA corresponding 
to PSA sequences and vaccinia sequences in the Hind III M region (data not 

30 shown). The entire cDNA sequence of PSA in the vaccinia virus clone was shown 
to be nearly identical to the published sequences (Lundwall, et al., 1987). 

Expression of recombinant protein was confirmed by western blot 
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analysis of supernatant fluids and protein extracts from rV-PSA infected BSC-40 
cells. These cells are routinely used for the evaluation of recombinant vaccinia 
products (Moss, et al., 1993). Incubation of cell supernatant blots from rV-PSA 
infected cells with rabbit ami-PSA antibody revealed a single immunoreact.ve 
polypep tl de of approximately 33,000 daltons (Figure I, lanes 2-4). Similarly 
tncubation of protein extract blots from rV-PSA infected cells revealed a single 
band of the same molecular weight (Figure 1, lanes 7-9). This is consistent with 
the predicted s,ze of the PSA molecule (Armbruster, et al., 1993; Wang et al 
1982). Cell supernatant blots (lane 1) or protein extract blots (lane 6) from cells 
mfected with parental strain V-Wyeth remained negative for expression of PSA 
These results thus demonstrate that a recombinant vaccinia virus can faithfully 
express the human PSA gene product. 

Rhesus Monkey Model 
15 The prostate gland of the rhesus monkey is structurally and 

functional^ similar to the human prostate (Wakui, et al., ,992). At the molecular 
level, there is 94% homology between both the amino acid and nucleic acid 
sequences of rhesus PSA (Cauth.er, et al., 1993) and human prostate specific 
anttgen (Kerr, et al., ,995; Lundwall, et a,., ,987). Human PSA is essentially an 
autoantigen in the rhesus monkey. 

Experimental Design 

Table I delineates the protocol used in the Immunization of 12 
rhesus monteys wi[h either rV . pSA or (he comro| v wye(h ^ ^ scarification 
Three groups of 4 animals were immunized with either rV-PSA at 1x10' 
PFU/dose. rV-PSA a, Ix.r/PFU/dose, or V-Wyeth a, WPFU/dose 3 ,,«, „ 4 
week interval These doses were chosen to ascertain the max.mum tolerated dose 
for safety as we,, as ,o obtatn maximum humora, and ce„-media,ed responses to 

* O Pi, , 



The rhesus monkeys were divided into 3 groups: high dose V- 
Wyeth. tow dose rV-PSA. and h,g„-dos= rV-PSA. One anima, in each group was 
-rgtcaHy prostatectomy to para„e, two stations with regard ,o po.entia, 
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therapy in humans: (a) prostate intact, with primary and/or metastatic disease; or 
(b) patients prostatectomized with prostate cancer metastatic deposits. The 
presence of an intact prostate gland could conceivably serve as an antigen 'sink 1 , 
either inducing anergy through persistence of antigen, or masking immunological 
effects by sequestering reactive cells or antibodies. 

Physical Consequence of Immunization 

The area of the lesions induced by rV-PSA or V-Wyeth was 
analyzed 7 days following each inoculation. In general, more induration was seen 
after the first inoculation, compared to the second inoculation (Figure 2A). After 
the third inoculation, there was no swelling of the vaccination site. The duration 
of the lesion following each immunization was shorter after each inoculation 
(Figure 2B). Regional lymph node swelling following vaccination was greater in 
most monkeys following the first immunization, compared to the second, or third 
immunization (Figure 2C). In general, no differences were seen in these 
parameters with the use of rV-PSA or V-Wyeth. Monkeys receiving V-Wyeth 
were compared with those receiving rV-PSA with respect to constitutional 
symptoms. Mild temperature elevations were seen in all animals following 
vaccination. There was no evidence of weight loss, hepatomegaly or splenomegaly 
in any of the animals, and there was no differences between V-Wyeth or rV-PSA 
treated animals (data not shown). Animals were tested for complete blood count, 
differential, and hepatic and renal chemistries. Complete blood counts remained 
within normal limits throughout the study in both V-Wyeth and rV-PSA immunized 
animals (Table 2). Hepatic and renal functions were assessed prior to 
immunization and 12 weeks following primary immunization (Table 3). 
Parameters analyzed included alkaline phosphatase, blood urea nitrogen, alanine 
aminotransferase, aspartate aminotransferase, lactate dehydrogenase, and creatine 
and creatine kinase levels. There was no significant difference between animals 
receiving V-Wyeth or rV-PSA. There was no detectable PSA in the circulation of 
any of these monkeys after any immunization (detection limit was 0.1 ng/ml). At 
this time, which is 54 weeks post all immunizations, no toxicities were observed in 
monkeys of any of the groups, including those which were prostatectomized. 
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PSA Specific Humoral Responses 

As indicated in Tabic 1, monkeys i-4 were administered V-Wyeth 
whtle monkeys 5- l2 were administered rV-PSA. Sera from each of these monkeys 
were analyzed by EUSA for immunoreactivity ,„ PSA or UV-,„ac,iva,ed V-Wyeth 
and ovalbumin as control antigen. Sera obtained from monkeys prior ,o 
vaccnatton were negative for reactivity ,o PSA (Table 4, PI ). FifKc „ days 
followtng primary immunization, monkeys in both ,he 1x10- and 1x10' dose 
rV-PSA groups developed low titer IgM anfbod.es specific for PSA (titers were 
determined a, a h5 serum dilution). A.though other isotypes of anttbody were 
-alyzed „gO. I gA , IgM). only IgM was induced by rV-PSA throughout the 
observation period of 270 days. The antibody titers decreased over the 4 weeks 
pnor to the next inoculation. Pnor ,o the second vaccination on day 29 3 of 4 ' 
antmals in the IxlOW-PSA group remained positive for PSA antibody, white 4 of 
4 ammals remained positive in the lx,0'rV- PSA group. Anti-PSA antibody titers 
■ncreased after the second vaccination on day 29, but remained static after the third 
vaccination on day 57. By 270 days after the primary immunization, a„ animals 
were negative for PSA , g M antibody. Monkeys remained negative for , g O specific 
for PSA throughout the observation period (data no, shown,. There was no 
correlation between rV. PSA dose and a „„. pSA ]gM ^ ^ ^ ^ 

apparent effect of prostatectomy. A„ mo „key sera were negative for IgG or IgM 
to ovalbumin a. al, time points; as a posttive control, however, the ,gG „,er in al, 
three treatment groups ,o vaccinia virus was greater than ,:2000 as early as 29 
days after the primary immunization (data not shown,. 

,0™ c „ genera '' VaCCmia VirUS " 3 WMk h ™ a " fathogen (Paolett, et al.. • 
1993,. Followtng vaccination, local erythema, induration, .ow-grade fever and 
regional lymphadenopathy are common. The virus replicates ,„ the epiderm„ ce.ls 
of the sktn and the virus is usually cleared w, thi „ ,4 days. All monkeys whether 
Stven v-wyeth or rV-PSA, exhibited the usual low grade constitutionJsymptoms 
of a vaccnta virus infection (Figure 2). There was no evidence of any adverse 
e fects as indicated by changes in blood counts, differentials, hepatic and rena, 
chemistries (Tables 2-3,. The monkeys appeared healthy, without any phys.ca, 
Signs of toxicity, throughout the 54 weeks of observation. 
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Although the rV-PSA construct was unable to elicit an anti-PSA IgG 
response, PSA specific IgM responses were noted in all rV-PSA immunized 
monkeys regardless of dose level (Table 4). These antibody responses were of low 
titer, short lived and could not be boosted, indicating induction of a primary 
5 response but not memory B-cells or affinity maturation. 

PSA Specific Lymphoproliferative Assay 

PSA specific T-celi responses in monkeys immunized with rV-PSA 
or V-Wyeth were analyzed using a lymphoproliferative assay. As seen in Table 5, 

10 the PBMCs from all monkeys analyzed responded, regardless of whether they 

received rV-PSA or V-Wyeth, to the lymphocyte mitogen concanavalin-A, as well 
as with the recall antigen UV-inactivated V-Wyeth. Differential responses to PSA 
versus medium alone or ovalbumin were seen in 1 animal (number 6) in the 1 x 10 7 
PFU rV-PSA group. All PBMCs from animals in the 1 x 10 8 PFU rV-PSA group, 

15 however, responded to PSA in this assay. This experiment was repeated 5 times 
with similar results and data shown in Table 5 is from PBMCs isolated from 
monkeys 270 days after the primary immunization. No differences in PSA specific 
T-cell responses were seen in the prostatectomized monkeys. 

To investigate cell mediated responses to the administration of rV- 

20 PSA, lymphoproliferative assays were performed using PBMCs from animals 

receiving the recombinant vaccine. One of four monkeys receiving the lower dose 
of rV-PSA (1 x 10 7 PFU) and four of four receiving the higher dose (1 x 10 s PFU) 
maintained specific T-cell responses to PSA protein up to 270 days following 
primary immunization as indicated by the lymphoproliferative assay (Table 5). 

25 Prostatectomy appeared to have no effect on either the humoral or cellular 
responses of monkeys receiving rV-PSA. Evidence of PSA specific T-cell 
responses in monkeys lacking mature antibody isotypes could be due to two distinct 
events following vaccination with rV-PSA: a T-cell independent event, leading to 
IgM production, and a T-cell dependent event, leading to specific 

30 lymphoproliferative responses. 



BNSDOCID <WO 



.9735021 A2_L> 



WO 97/35021 



10 



15 



1 
2 
3 
4 

5 
6 
7 



PCT/US97/04454 



- 31 - 



Table 1 



Inoculation protocol of rhesus monkeys with the 
PSA recombinant and wild-type vaccinia virus 



9 
10 
11 



Monkey Prostata t Dose * 

— } prostate Immunogen (PFU) 



Yes V-Wyeth 

Yes V-Wyeth 

Yes V-Wyeth 

No V-Wyeth 



Yes rV-PSA 
Yes 

Yes 

No 



rV-PSA 



Yes rV-PSA 
Yes rV-PSA 



AUanimals received 3 immunization. ar 4 week intervals. 



1x10* 
1x10 s 
Ix 10 s 
lxI0 ! 

lxlO 7 

rV-PSA lxl0 , 
rV-PSA lxl0 , 



1x10' 

1x10 s 
1x10* 

20 p Y£S rV " PSA 1x10- 

— " rV-PSA lx]08 
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Example II 

Identification of Potential Prostate 
5 Specific Antigen (PSA) Specific T Cell Epitopes 

Since the entire amino acid sequence of human PSA is known and 
human class 1 HLA A2 consensus motifs have been described, studies were 
undertaken to identify a series of peptides that would potentially bind class 1 A2 

10 molecules. A2 was chosen since it is most common HLA class 1 molecule being 
represented in approximately 50% of North American Caucasians and 34% of 
African Americans. The peptide sequence of PSA was thus examined for matches 
to the consensus motifs for HLA A2 binding peptides. Peptides were only selected 
if their sequence diverged sufficiently from the PSA-related human glandular 

15 kallikrein (HGK) gene and pancreatic kallikrein antigen (PKA) sequences. 

The amino acid sequence of human PSA was scanned using a 
predictive algorithm that combines a search for anchor residues with numerical 
assignments to all residues at all positions. The T2 cell binding assay was then 
used to determine which peptides bound human HLA A2 molecules. As can be 

20 seen in Table 6, PSA peptides 141-150, 154-163 and 146-154 scored positive in 

this assay {Nijman, H.W., et at., Eur. J. Immunol. 23:1215-1219, 1993). Table 7 
gives the amino acid sequence of these peptides and compares them to 
corresponding sequences of HGK and PKA. 

Table 6 

25 

PSA peptide binding assay 
Antigen MAb A2, 69 

None 127.25' 
PSA 141-150 230.34 
30 PSA 146-154 223.97 
PSA 154-163 182.30 

Peptides were used at a concentration of 50^g/ml 
' Mean channel fluorescent intensity. 

CIRA2 cell line was used as positive control for anti-A2 staining [(241 15)] 

35 
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Table 7 









PSA peptide 


amino add 


sequence 






PSA 


141-150 
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HGK 




- 




R 
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i> 
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- 
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PSA 


146-154 


K 
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D 


L 


H 


V 


HGK 




S 










S 






L 


PKA 




D 














K 


I 


PSA 


154-163 


V 


I 


s 


N 


D 


V 


C 


A 


Q 



L 
L 



M 

E 



V (Seq.ID 
No. 1) 

- (Seq.ID 
No. 7) 

- (Seq.ID 
No. 8) 

(Seq.ID 
No. 9) 

(Seq.ID 
No. 10) 
(Seq.ID 
No. II) 



V (Seq.ID 
No. 2) 

R A (Seq.fD 
No. 12) 

A (Seq.ID 
No. 13) 



K 



EXAMPLE ni 

Establishment of Human T Cell Lines 
Cytolytic For Human Tumor Cells Expressing PSA 

PBMC from normal healthy donors expressing the HLA A2 class 1 
allele were used in an attempt to determine if PSA specific peptide$ ^ 
-monogenic for humans. Pep.des ,41-150 and ,54-163 were use, ln this study 

117 ^ ^ ^ 6SUbliShment ° f ^ Cdl Hn « ^ Posing of 

PBMC with peptide and IL-2 as previously described (Tsang, K.Y et al 1995 J 

^l^Um,, vo,. 87(13):982-90 and in U.S. Application Sena. No ' " 
08/396,385, the disclosure of wh.ch 1S herein incorporated by reference) T cell 
nes were able to be established from 5/6 normal donors using PSA peptide 141- 
150 and from 6/6 normal donors using PSA peptide 154-163. Moreover PBMC 
were obtamed from two p rostate cancer panent , T ^ ^ ^ ^J. ^ 
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10 



15 



20 



from these PBMC cultures using peptide 154-163. 

Some of these T cell lines have been phenotyped. As seen in Table 
8, one cell line designated T-866 (T-Donor A), which was derived from pulsing 
with peptide 141-150, contains appreciable amounts of CD4+/CD8 + double 
positive cells and another cell line, designated T-1538 (T Donor B), derived from 
pulsing with peptide 154-163, shows a similar phenotype. 

Four of the T cell lines derived from three different individuals were 
then assays for their ability to lyse human cells (Table 9). As seen in Table 9, the 
T cell line designated T-866, derived from peptide 141-150, was able to lyse T2 
cells when pulsed with the appropriate peptide (141-150). No lysis was seen using 
the PSA negative human colon cancer cell line COLO-205. While 80% lysis was 
seen using the LNCAP PSA expressing human prostate cancer cell line (ATCC 
CRL-1740). When employing the NK target K562, which measures non-specific 
lysis due to NK cell activity, only 23% lysis was obtained. Similar results were 
seen employing a different T cell line obtained from the same patient which was 
derived from pulsing with PSA peptide 154-163. Two additional T cell lines which 
were derived from peptide 154-163 were also analyzed. One was from a normal 
donor (T-1538) and one was from a prostate cancer patient (T-PC2; T Donor C). 
As can be seen in Table 9, employing both of these T cell lines, enhanced lysis 
was seen when the T2 cell line was pulsed with the 154-163 peptide and enhanced 
lysis was seen when employing the PSA expressing prostate specific cell line 
LNCAP, as compared to COLO-205 or K562. These studies demonstrate that T 
cell lines can be established using the peptides and protocols generated here which 
have the ability to lyse PSA expressing human prostate carcinoma cells. 
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Table 7 









PSA peptide amino acid 


sequence 




PSA 


141-150 


F 


L 


T 


P 


K 


K 


L 


Q 


HGK 




- 




R 
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- (Seq.ID 
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No. 13) 
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Cytolyttc For Human Tumor Cells Expressing PSA 

PBMC from normal healthy donors expressing the HLA A2 class . 
allele were used in an attempt ,o determine if PSA specific peptides are 
monogenic for humans. Peptides 14,-150 and ,54-,63 .ere used in ,„,s study 
The metrology used for the estab.ishmen, of these cel, lines tnvo.ves pulsing of 
PBMC w,th pep„de and IL-2 as previously described (Tsang. K Y e, al 1995 j 
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150 and from 6/6 normal donors using PSA peptide 154-163. Moreover PBMC 
were obtained from two prostate cancer patients. T cell ,i„e S were established 
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from these PBMC cultures using peptide 154-163. 

Some of these T cell lines have been phenotyped. As seen in Table 
8, one cell line designated T-866 (T-Donor A), which was derived from pulsing 
with peptide 141-150, contains appreciable amounts of CD4 + /CD8+ double 
positive cells and another cell line, designated T-1538 (T Donor B), derived from 
pulsing with peptide 154-163, shows a similar phenotype. 



then assays for their ability to lyse human cells (Table 9). As seen in Table 9, the 
T cell line designated T-866, derived from peptide 141-150, was able to lyse T2 
cells when pulsed with the appropriate peptide (141-150). No lysis was seen using 
the PSA negative human colon cancer cell line COLO-205. While 80% lysis was 
seen using the LNCAP PSA expressing human prostate cancer cell line (ATCC 
CRL-1740). When employing the NK target K562, which measures non-specific 
lysis due to NK cell activity, only 23% lysis was obtained. Similar results were 
seen employing a different T cell line obtained from the same patient which was 
derived from pulsing with PSA peptide 154-163. Two additional T cell lines which 
were derived from peptide 154-163 were also analyzed. One was from a normal 
donor (T-1538) and one was from a prostate cancer patient (T-PC2; T Donor C). 
As can be seen in Table 9, employing both of these T cell lines, enhanced lysis 
was seen when the T2 cell line was pulsed with the 154-163 peptide and enhanced 
lysis was seen when employing the PSA expressing prostate specific cell line 
LNCAP, as compared to COLO-205 or K562. These studies demonstrate that T 
cell lines can be established using the peptides and protocols generated here which 
have the ability to lyse PSA expressing human prostate carcinoma cells. 
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Table 8 

Flow cytometry analysis of PSA peptide specific T cells 



T-cell Line PSA 

Peptide CD3 CD4 



CD8 



CD4/CD8 CD56 



T Donor A 141-150 96 35 

T-Donor B 154-163 94 5 2 



32 



59 
62 



0 
0 



kesults are expressed in % positive 6 eHi 



Table 9 

Cytotoxic effects of PSA peptide specific T cells 
% specific release (lysis) 



T-cell 
Line 



PSA 

Peptide T2 T2 + 



peptide LNCAP K562 COLO-2 



05 



T-Donor A 141-150 10' 

T-Donor A 154-160 16 

T- Donor B 154-160 10 

T-Donor C 154-160 15 



40" 
35 b 
40' 
35> 



80* 


23 


1 


60" 


22 


10 


29 b 


3 


10 


35 s 


"> 


8 



* Percent of "' In specific release 

24 hour cytotoxic assay (E:T ratio 25- 1) 

T><0.01 significant 

EXAMPLE IV 

Construction and Characterization of 
Prostate Specific Antigen Oligo-Epitope Peptide 

Two 10-mer PSA peptides (PSA 1 and PSA3) which were selcte* to 
conform to human HLA cla« i n >-r ,. . *=iccieu 10 

boeh „„, I j '" A2 m °" fS e " c " ed PSA s P^i«c CTL responses in 

bch no™, donors ind paIiems w ,, h prosiaK a 

mar), des,gna,ed p rosat e specific aruigen OIigo . epi[ope pepijde 

comprising the shoner PSA-1 and psa -j 

1 and PSA ' 3 P e P tlde sequences, was investigated for 
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the ability to mediate PSA specific cytotoxic T-cell activity (Table 10). 



Tabic 10 

Sequence of 30 ammo acid PSA peptide 



PSA-OP 
(1-41-170) 



FLTPKKLQC V/ DLH/VISNDVCAQV/HPQKVTK (Scq.ID No:4) 

10 PSA-l FLTPKKLQC V 



(141-150) 



(Seq.ID No:l) 



15 054^63) V.SNDVCAQV (Seq ID No:2) 

Materials and Methods 

Peptide Synthesis 

PSA-OP was synthesized on an Applied Biosystems Model 432A 

20 peptide synthesizer. It operates on a 25 ^mole scale and employs f-moc chemistry 
and feedback monitoring to control the coupling of each successive amino acid to 
the growing chain. The completed peptide is cleaved off the synthesis resin with 
trifluoroacetic acid and thioanisole/ethanedithiol as scavengers. Acid salts axe 
extracted with tert-butyl methyl ether and the peptide is lyophilized from water to 

25 give approximately 64 mg powder. The powder is soluble at 2mg/ml in 1 % 

DMSO and sterile-filtered aliquots show a single sharp peak on C18 reverse phase 
high performance liquid chromatography. 
Cell Cultures 

Prostate carcinoma cell lines LNCAP and DU-145 [HLA-A2 + ] were 
30 purchased from American Type Culture Collection (Rockville, MD). Cultures 
were mycoplasma free and were maintained in complete medium, Dulbecco's 
modified Eagle medium and RPMI1640 medium, respectively (Life Technologies 
Inc. GIBCO BRL, Grand Island, NY) supplemented with 10% fetal bovine serum 
(FBS), 2 mM glutamine, 100 U/ml penicillin, and 100 ii/ml streptomycin (Life 
35 Technologies, Inc.). The I74CEM.T2 cell line (T2) (transport deletion mutant) is 
described in Anderson et al, 1993. CIR-A2 cell line is described in Storkus et al, 
1987. T2 cell and CIRA2 cells were maintained in Iscove's modified Dulbecco's 
complete medium (IMDM) and RPMU640 complete medium, respectively. 
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Generation of T f> |l f in» 

Peripheral blood mononuclear cells (PBMCs) were obtained from 
hepannized blood of healthy HLA-A2 donors using a lymphocyte separate 
medium gradient (Organon Technika, Durham, NC). The mononuclear cell 
fraction was washe, 3 times and PBMCs were .suspended in comp Iete medium: 
AIM V (Ufe Technologies, Inc.) su Ppl emen t ed with 5% human AB serum (Valley 
Biomeacal, W.nchester, VA), 2 mM g.utamine, lOOU/mi of penicillin, and 100 
Hilm\ of streptomycin (GIBCO). Ceils 12 x to'i in „„ , 

„ f lnn , . {2 * 10) complete medium i„ a volume 

of 100 were pu, ,„to each w=l, of a 96-wel, nat-bottom assay plate (Coming 
Costar Corp., Cambndge, MA,. Pept.des were added ,o cultures a, a final ' 
concentration of 50 Ml/ml. Cuhures were incubated for 5 days a, 37°c in a 
humidified atmosphere containing 5% co> After remoya| of ^ 
containing medium, the cultures ^ ^ provid£d ^ ^ ^ 

U ml) for „ days, with ,L-2-co„,ai„i„ s medium being replenished every 3 days 

rr c p r "t of 5 days wi,h ™** ^ 1 ■ ^ ™ - 

fay I of each cyde. frradiated (4.000 rads, autoiogous PBMCs (, x ',0-, were 
added in a volume of ,00 Ml in complete med.um (A.M-V, and use. as antigen 
presenting cells. B 

20 Cytotoxic Asgay c 

. VariOUS ar ^> ««» »-e labeled with 50 u Ci of "'In-o* yq uino,i„e 
<Mad.-Phys.es mc, Arlington, , L) for 15 minu , es „ ^ Krnpen J\ 

ce"s , x ,0, in ,00 „ of ccmpiete medium (see below, were added to each of 
96 we„s tn fl a, bottom assay P ,a,es (Corn , ng Cos.r Corp., The , ab e,ed targets ■ 
were ,„ ou ba,=d w,,H peptides a, a f.nai concentration of 5 0(lg (m, for 60 min t 

Z .'I 1 bef ° re addi " g effeC '° r Ce " S - EffMM ««» «~ ~< 

added ° m SUPP ' emen,ed W " h 555 ^ h »™» serum and 

added to urge, ce„s. The p,a,es were incubated at 37o C for ,« hours 

Supernaunts were harves.ed for y-co u „,i„ g us i„ g hawester frames Matron ,„c 
Sprung. VA,. Determinates were carried o u , in .rip^te and standard 
ev,at,ons were ca,cu,a,ed. A„ experiments were carried out three times Specif, 
Lysts was calcu,a,ed using the fo,l 0 w,„ g f ofmula: 



25 
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% of Specific Release = observed release(cpm)-spontaneous release fcp m) 

total releae (cpm)- spontaneous release (cpm) x 100 
Spontaneous release was determined from wells to which 100 /zl of 
complete medium, instead of effector cells was added. Total releasable 
5 radioactivity was obtained after treatment of target cells with 2.5% Triton X-100. 

Experiments using protease inhibitors were performed using C1R-A2 
cells as target cells pulsed with 100Mg/ml of PSA-OP for 3 hr. Peptide pulsed 
target cells were incubated with protease inhibitors. Protease inhibitors used were 
E64, carboxypeptidase inhibitor, plummer inhibitor, and captopril (angiotension 

10 converting enzyme inhibitor) at various concentrations (10 \ 10 6 , 10' 7 M). CTL 
activity was determined by the CTL assay described above. 
Limiting Dilution Analysis 

Limiting dilution assays were used for the determination of precursor 
frequencies to PSA-1, PSA-3 and PSA-OP. Various number of PBMCs were 

15 seeded in 96-well flat bottom plates (Corning Costar) with 1 x 10 1 autologous 
PBMC irradiated with 4,000 rads and incubated with 50 /ig/ml of PSA peptide. 
Cells were cultured in complete medium as described previously. At least 48 
cultures were set up for each dilution. Cultures were incubated for 5 days at 37°C 
in a humidified atmosphere containing 5% CO : and then provided with fresh 

20 medium containing human 1L-2 for 11 days, with IL-2-containing medium being 

replenished every 72 hr as shown below for CTLs generation. After two cycles of 
stimulation specific cytotoxic activity was tested for each single well, against OR- 
A2 target cells with or without incubation with peptide. Cytotoxic assays were 
similar to the method described above. The unlabelled K562 cells were added to 

25 the microwells containing responder cells. After 1 hr incubation at 37°C target 
cells were added into each well and incubated for 6 hrs at 37-^C. Precursor 
frequencies were calculated by X : minimization. 
Flow Cytometry 

Single-color flow cytometric analysis: 1 x 10 6 cells were washed 
30 three times with cold Ca :+ - and Mg : * -free Dulbecco's phosphate-buffered saline 
(DPBS) and then stained for 1 hr with 1 /xg of monoclonal antibody (MAb) against 
CD3, CD4, CD8, CD56, CD19, HLA class II (HLA-DR) (Becton Dickinson, San 
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Jose, CA). HLA class I (W6/32) (Sera.ec, Sussex. England), a^d MOPC-^1 
(Cappei/Organon Tekmka Corp.. Wes, Chester, PA, in a volume of ,00 „, of PBS 
coning , » b0 vi„e serum a|bumj „ The celh w£ [hen wajhed ^ 

wi.h cold DPBS and incubated for an adduional hour in the pres e„ce of 1 ■ .00 
5 d„u..on (volume of 100 Ml PBS con.ain.ng I % bovine senlra of 

fluoresce.n.conjuga,* goa, ami-mouse immunoglobulin (lg, (K ir kegga,d and Perry 
Ubs, Ga^eresburg, MD>. The cells were again washed .hree Umes wi.h DPBS 
and .suspended in DPBS a, ,he concen.ra.ion of I x ,0- cells/ml. The ce„ s were 
.mmed.a.ely ana,yze. using , Becl o„ Dickinson FACScan ^ 

10 laser wilh an excitation of 15 nW a. 488 nm n a „ 

„ J al 485 nm " Data gathered from 10.000 live 

cells and used to generate results. 

Dual color flow cy.ome.ric analysis: The procedure for two-color 
flow cv.ome.rv analyse was s.mi.ar .o .ha, used for si„g,e-co,or analysis w,,h ,he 

.5 Cm 7 "T"" MAtS 3nti - CD4 n »~ 

PhyCMr y, " nn C °" ju ^ lc - '10 ' f»ore s =ein conjugate and anti- ,g G 2a 
phyccery.hrin co„iu g a,e (Beoon Dickson,. seining was done s.m„„a„eous,y for 
■ hr af,er wh.ch cells were washed three .irnes, .suspended as above and 
.mmed,a.e, y analyzed, us.ng a Bec.on Dickinson PACSor. enuipped wi.h a b! ue 
laser w„h an excmhon of , 5 „W at 488 nm and the Lysis II program 

u Peptide Ring ing to Hf A-ai 

Binding of PSA-1 and PSA-3 and PSA-OP peptides to the HLA-A 0 
mo,ecules was eva,uated by upregu]ation of ^ Qf ^ m 

thc ecu surface of T2 cell, as demonstrate, by How cytometry. 1 x W cells in 

serum-free IMDM were incubated with peotides a , , 
, • „ u peptides at the concentration of 50 ug/ml 

1 : 4 ' w ; c ? re p,ai " * 37 ° c in 5 % c °- F, °- ^ 

was performed usmg T2 cells and single color analysis. Af.er cells were washed 

z T:::r: :r e - ,hey - ^ - ■ - - — — 

mad A2, 69 (One lambda, Inc Cann»a Pari- r*. 

... . ' Lano g a Pa ^. CA), using 10 fxl of a IX workine 

o,.,,o„ per ir> cells. MOPC-2, (Cappel/Organon Tekn ika Corp, was usJas 

d.lu.on of fluorescem ( F,TC, ,abe,ed an,,mo„se IgO (Kirkegaard * Perry 
Garmersburg. MD). A „a,y sis was carricd ou , us|ng ^ ^ ^ 
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above. Cells were maintained on ice during all cell preparation and staining unless 
otherwise stated. 
HLA Typing 

The HLA phenotyping of donor A (HLA-A2,24; B27,35; C2,4; DR 

5 81*0101,31*1104; DQw B10501 ,B1 *0301 ; DRw B3*0202) and donor B(HLA-A2, 
29; B7,44; Cw5-; DR13,-; DQw6 t -; DRw52,-) was performed by the Blood Bank 
of NIH on PBMC using a standard antibody-dependent micro-cytotoxicity assay 
and a defined panel of anti-HLA antisera or DNA assay. The following HLA 
phenotypes were found for healthy donors utilized for this study. 

10 rV-PSA and rV-PSA-OP 

A recombinant vaccinia virus expressing PSA (rV-PSA) was. 
generated by the methods described in Hodge et al, 1995. The PSA gene was 
isolated as a complementary DNA (cDNA) clone from a human prostate carcinoma 
cell cDNA library. The PSA cDNA was inserted under the control of the vaccinia 

15 40K promoter into the Hind III M region of the genome of the attenuated Wyeth 
strain vaccine virus. 

A recombinant vaccinia virus expressing PSA-OP was made by the 
same methodology (Hodge et al, 1995). 
Vaccinia Virus Infection of Prostate Carcinoma Cells 

20 DU-145 target cells at the concentration of 1 x 10 7 per ml in 

complete RPMI-1640 medium supplemented with 0.1% bovine serum albumin were 
incubated with an equal volume of vaccinia virus (10 MOI) in the same medium at 
37°C for 1.5 hours. The cells were then seeded at 10 5 cell per ml in complete 
medium with 10% FBS, into a 24-well culture plates at 37°C in 5% CO : for 24 hr 

25 before being utilized as targets in cytotoxic assay experiments, bPSA production 
from rV-PSA vaccinia virus was evaluated by immunoradioassay kit purchased 
from Tandem Co. 
Statistical Analysis 

Statistical analysis of differences between means was done by a two 

30 tailed paired t-test. 
Results 

Two T-cell lines from different normal donors were established by in 
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vitro s<im u ,a,,o n with P SA . 0P . The T-cei, Hnes were phencypically CD4- 
CD8', or CD4VCD8* and CD56 as shown in Table 11. 

Table 11 

Flo, Cytometric Analysis Of Surface Markers On J Cell Lines 



CD56 + 



wh«„ tilher wi ,„ no prim ,„ s MAbi JZ7^*ZZt™^°'"' h ™ — 

CIR A2 ce„ s hUma " ' y!5d PSA -° P " WC " " KM « «A"3 P^«d 

C1K-A2 cells as shown in Table 12. 



C7Z. 



aa/w/j, of PSA-OP specific T cell lu.es 



PSA-1 PSA-2 



PSA-3 



■ D ° nC ": ^peptide p s a-OP 

-PSA-OP, 0.0(0.06, ,, 5 - ( , 0) 14 . 3W6) ^ 



25 PSA-3. CIRA2 cells have ^ ^ C '*f ^ ^ ^ ^ Ld 

b- labeled wuh In and unuL'Z uZ ^iS-, 0 '^ ™ id " for 3 h ' <° 
expressed as . of Specie re ,ea, e (S o l ^ R — « 



10 of" 25: 1 . 

*P<0.02 



The human CTLs also lysed PSA' HLA A")* h 
cells as shown in Tab,e 13. Pr ° StatC cancer 
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Table 13 

CTL activity of PSA-OP specific T cell lines againsi HLA-A2001+, 
PSA-producing human Prostate Carcinoma Cells 



Donor 




LNCAP 






12.5:1 


25:1 


E:T ratio 


T/PSA-OP-1 


32.54*(6.6) 


50.4*(6.4) 




T/PSA-OP-2 


14.60*(3!7) 


24.8*(1.6) 





10 Established CTLs from Donors 1 & 2 lyse LNCAP 

Prostate carcinoma cells. 

10 6 LNCAP cells have been labelled with 1,1 in and used as targets in 18 h 
CTL cytotoxic assay. 

Results are here expressed as % of Specific Release (SD). P<CL016. 

15 

The HLA-A2 + DU-145 prostatic carcinoma cell line was infected 
with vaccinia virus engineered with the PSA gene or the PSA-OP gene. The DU- 
145 cells infected with the rV-PSA vaccinia virus expressed PSA as shown in 
Table 14. 
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Table 14 

PSA production by DU-145 infected vAth v* and rV-PSA .accinia virus 



15 



20 



Prostatic Carcinoma Cells 4 hours 



24 hours 



iPI^Hli2_____ [pg/ml] 



DU-145 (WT) 1.2(0.15) 



1-7 (1.20) 



10 LNCAP 



DU-145 (rV-PSA) 5 i rn 5m 

12 -° f 4 ' 50 ) 

232.0 (4.60) 



DU-145 cells production of PSA aft^r rV dc a ~ • ' ~ 

DU-145 have been incuba J^ht d L e of VPSA S™."! te ! ,on - 

for 4 and 24 h h^fm-^ th* , yp rv-psA Vaccinia virus (10 MOH 

production ly mM^^Z^"' * ^"'^ 3 " d """^ «A 
Results are expressed as j^^pS ~ ™ A * 

The ability of the human PSA-OP specific T iymphocy.e cell line, ,o 
yse tbe rV-PSA or rV-PSA-OP vaccnia _s infeced DU-,45 prostatic ce„s .a 
determ.ned. As Table ,5 shows, the human T-ce„ Mnes , y sed r V-PSA infeced 
targets as well as rV-PSA-OP infected targets. 
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Table 15 



CTL activity of PSA-OP specific T cell lines against HLA-A2001 4- DU -145 prostate 
cell line, infected with vaccinia virus, engineered with PSA gene and 
PSA-OP mini -gene 



T Cell Line 


DU-145 


DU-145 


DU-145 








[WT] 


[rV-PSAl 


[rV-PSA-OP] 








12.5:1 25.1 


12.5:1 25:1 


12.5:1 25:1 


E:T ratio 




T/PSA-OP-1 


15.0(3.8) 26.5(6.1) 


31.8*(5.0) 45.7*<6.1) 


32.5*(6.6) 50.4*(6.4) 






T/PSA-OP-2 


0.0(2.0) 6.2(4.9) 


4.0*(2.1) 10.5*(2.8) 


10.9-fl.4) 14.6*(3.7) 







10 



Established CTLs lysed DU-145 prostate cancer cells after infection with rV-PSA and rV-PSA-OP vaccinia 
virus. DU-145 cells have been incubated with Vaccinia virus (10 MOI) wild type or carrying the PSA 
gene or PSA-OP mini-gene for 24 h before being labeled and incubated with effector cells. The ability of 
rV-PSA infected cells to produce PSA was evaluated by a radio immunoassay kit from Tandem. Results 
15 are here expressed as % of Specific Release (SD). 

*P<0.05. 



The ability of PSA-OP to directly bind to a HLA Class I-A2 
20 molecule was determined. The results in Table 16 showed that PSA-OP did not 
bind HLA-A2 as indicated by the lack of upregulation of A2 expression on 174 
CEM-T2 cells. 
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Table 16 

Binding oj ' PSA_pep ! idesjoj}^^ 



Peptide ,™, , . '. ■ — 

~ " ^binding -Predicted bi nding 

16 - 88 HZ 

PSA [42-5 1 ] 5I 



Neg 
Neg 
Pos 
Pos 



PSA " OP 63.28 
PSA " 1 127.73 
PSA ' 3 123.71 

PSA "° P d ° eS 

p P o r s ^- iC ^v indi N? ° n the baS, ' S ° f P ublished 'motifs: 
^os- positive Neg= negative 

15 ^Reaction of T2 cells with ami hi a a-> *w r 

for 24 h with control ~Z?„:??Z" m ™ afte /_ the ceI!s had be*n incubated 
51] was considered as'an ga ive co^oSmS ' ° * 8 ' m " 10 ' Ce " S) ' PSA t«" 
class I-A2. while PSA-1, pIa-3 mtx « «f ' " " Unab ' e to bind HLA 
control. The results are expressed J „,i Were cons,dered ™ a positive 
20 ,00 was arbitrarily chosen^u, 0^^^ m ™»> ^ 

bind to hla '.'""I ™ Sh °" n ' ha ' 3 °~ mer PSA '° P Pep " de did " 01 «>'">'y 
b nd to H LA CIass ,. A2 mo|ecu|es bu( ^ t , mu|aK c ^ iM _ c ^ ^ 

HLA class I-A2 targets, studies were undertaken to determ.ne ,f the 30-mer PSA- 
-5 OP pep„de was cieaved to smalier peptides by proteolytic activity to a„ow i, to 
interact with HLA class I-A2 molecules. 

The effects of protease i„„,b,,ors on CTL mediated killing of CIR- 
A2 ce„s pu.se, with PSA-OP peptide was determined. The results shown in Table 

show decreased cytotoxicity in the presence of protease inh.bitors These 
results indicate that the PSA-OP ,s cleaved by proteases on the cel, surface of the 
•arge, cells into shorter peptides which, in turn, interact with HLA-A2 molecules 
and as a consequence induce specific CTL lysis of CIR-A2 targe, cells 
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Table 1 7 

Effects of protease inhibitors on CTL mediated killing of CIRA2 
Cells Pulsed with PSA- OP Peptide 

5 Peptides Pulsed in Human Serum Donor- 1 PSA-OP 



No peptide PSA-OP peptide [50 Mg/ml] 



Medium 


7.7 


(1.9) 


26.1* 


(4.3) 


E 64 [10- 4 M] 


11.9 


(1.7) 


13.7 


(0.6) 


Plummer's [10 J M] 


10.7 


(2.0) 


18.7* 


(2.4) 


Captopril [10 6 M] 


15.8 


(2.1) 


1 1.0 


(2.6) 


PCI [l&'M] 


13.2 


(1.6) 


13.7 


(3.2) 



Extracellular carboxypeptidase inhibitors (E64, captopril and PCI) block the lysis 
of CIR-A2 cells pulsed with PSA-OP peptide by established CTLs. 
Results are expressed as % of Specific Release ( + /-SD) at 25:1 E:T ratio. 
15 *P<0.03. 

Precursor frequency (PF) studies showed that PF for PSA-1, alone, 
and PSA-3, alone, varied from donor to donor. In contrast, the PF for PSA-OP 
was strikingly similar from donor to donor as shown in Table 18. 
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Table 18 
Precursor Frequency Study 



Donor 



25 



PSA-1 
PSA-3 



93.7 97.9 
89.6 93.7 



% of negative microcolonies Number of 

precursors 



5 


10,000 


5,000 


1,000 


500 




T/PSA-OP 2 
donor 












PSA-OP 


91.6 


89.3 


100.0 


100.0 


1/80006 


PSA-1 


47.9 


75.0 


93.7 


95.8 


1/14695 


10 PSA-3 


95.8 


97.8 


100.0 


100.0 


1/244200 


T/PSA-OP 3 — 

donor 


PSA-OP 


93.7 


95.8 


95.8 


96.9 


1/70229 



100.0 100.0 1/181480 
95.8 97.6 1/59279 



CTL precursors specific for PSA-OP PSA-1 anH psa -x ™~, a 
present m PBLs isolate, from male HL/V-A2Q01 d ntsXto^ 
cycles of simulation with PSA peptides. Precursors' cy o toxic effects 
were evaluated against CIRA2 pulsed for 3 h with respective PSA 
peptides ,n the presence of cold K562 (10,000/wei!) 



Thus, PSA-OP as an immunogen offers distinct advantages over the use of PSA-1 
alone or PSA-3 a.one in eliciting consistent numbers of cytotoxic T .ymphocytes 
from individual to individual. Furthermore. PSA-OP comprises more than one 
epitope peptide sequence which may fit tne consensus motif for a ^ Qf 
class I molecule types including HLA-A2, A3, All. Aw68 and B53 HLA-A2 is 
present in approximately 50% of North American Caucasians and 34% of African 
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Americans. HLA-A3 is present in 26 and 17% of North American Caucasians and 
African Americans, respectively. HLA-A11 is present in 40% of the Asian 
population and HLA-B53 is present in 22% of African Americans. Consequently, 
PSA-OP may be useful as an immunogen in eliciting PSA specific immune 
5 responses in a broad segment of the human population. 

Example V 

Dendritic Cells Infected With rV-PSA-OP For 
Generation of (PSA) Specific Cytotoxic T-Cell Lines 

Prostate specific antigen (PSA) is a serine protease and member of 

10 the kallilrein gene family. PSA, expressed in a majority of prostate cancers is a 
potential target for specific immunotherapy. The studies disclosed above have 
shown that 3 peptides (PSA-1: FLPTKKLQCV, PSA-3: VISNDVCAQV and PSA- 
oligo-epitope peptide (PSA-OP): FLTPKKLQCVDLHVISNDVCAQVHPQKVTK), 
can elicit CTL responses in both normal donors and patients with prostate cancer. 

15 The ability of dendritic cells (DCs) infected with rV-PSA (recombinant PSA- 
vaccinia construct) or rV-PSA-OP (recombinant PS A-OP-vaccinia construct) to 
promote the in vitro generation of autologous PSA specific CTLs was investigated. 
Dendritic cells were expanded from peripheral blood mononuclear cells (PBMC) by 
culturing in vitro for 5-7 days in medium containing GM-CSF and IL-4. Two 

20 cytotoxic T-cell lines were established from a normal HLA-A2 donor in 3 in vitro 
stimulation cycles (IVS) (as compared to 6 to 7 IVS when autologous PBMCs were 
used as antigen presenting cells). The specificity of these T ceil lines were 
determined by cytotoxic assays using PSA peptide pulsed C1R-A2 cells, C1R-A2 
cells infected with rV-PSA or rV-PSA-OP as well as LNCaP cells. They lysed 

25 PSA-1, PSA-3 or PSA-OP pulsed C1R-A2 cells and PSA positive, HLA-A2 

positive prostate cancer cells. These CTLs also lysed rV-PSA and rV-PSA-OP 
infected target cells. The specificity of the lysis was defined by the inability of 
the CTL to lyse PSA negative carcinoma targets, the blocking of lysis with anti- 
HLA-A2 antibody and the inability of the cold K562 target to inhibit lysis. These 

30 findings demonstrate for the first time (a) the ability to generate CTL response to 
defined PSA epitopes using rV-PSA and rV-PSA-OP infected DCs; (b) the ability 
of LNCaP cells to endogeneously process PSA to present peptide in the context of 
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major histocompatibility complex (MHC) for CTL lysis; and (c) the ability of DCs 
to endogeneously process rV-PSA and rV-PSA-OP to present specific PSA peptides 
m the context of MHC for T cell mediated lysis. 

Example Vf 

Proces.sinp and Pr esentation of P S A-OP hv Rnth 
HLA-A2+ a n d HLA-A3 + r^ r^sujj^odfs 

The human HLA class I-A2 consensus motif is represented in 
approximately 50% of the U.S. population. The HLA Cass !-A3 represents 
another 25* of the population. A PSA peptide that , rge ts both these HLA class ! 
motifs offers a unique immunotherapeutic tool. 

The results described above showed the utility of the PSA-OP 
pept.de to establish cytotoxic T-cell lines from HLA-A2 + donors. ' 

The enclosed table shows the sequence data for antigen S pec lfic PSA 
PCP**. PSA-!, PSA-3, PSA-9 and the PSA-OP peptide (con.ini^ al"./ 

smaJIer peptide sequences). The PSA-1 anH pca 

"i j me t-5A l and PSA-3 peptides are class I-A2 

ana h'bA-OP were used to establish r-rr r c 

io establish CTL lines from two HLA- A3 + donors These 
cell hnes lysed HLA-A3+ targe, cells. 



20 
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Table 19 
Oligo-epitope peptide from PSA 



Peptide 


Amino Acid 
Position in PSA 


Sequence 


PSA-1 


141-150 


FLTPKKLQCV (Seq. ID No.: 1) 


PSA-3 


154-163 


VISNDVCAQV (Seq. ID No.: 2) 


PSA-9 


162-170 


QVHPQKVTK (Seq. ID No.: 3) 


PSA-OP 


141-170 


FLTPKKLQCVDLHVISNDVCAQVHPQKVTK 
(Seq. ID No.: 4) 



10 Thus, the PSA-OP peptide, a 30 mer peptide, has been shown to be 

processed and presented within the context of both HLA-A2 4- and HLA-A3+- 
consensus motifs to generate PSA antigen specific CTL. Therefore, the PSA-OP 
peptide has the potential to be used in approximately 75% of the population for 
peptide based specific immunotherapy of prostate cancer. 

15 This invention has been described in detail including the preferred 

embodiments thereof. However, it will be appreciated that those skilled in the art, 
upon consideration of this disclosure, may make modifications and improvements 
thereon without departing from the spirit and scope of the invention as set forth in 
the claims. 

20 References and patents referred to are incorporated herein by 

reference. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANTS : THE GOVERNMENT OF THE UNITED 
STATES OF AMERICA ET AL 

(ii) TITLE OF INVENTION: PROSTATE SPECIFIC ANTIGEN 
OLIGO-EPITOPE PEPTIDE 

(iii) NUMBER OF SEQUENCES: 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: MORGAN & FINNEGAN f L.L.P. 

(B) STREET: 34 5 PARK AVENUE 

(C) CITY: NEW YORK 

(D) STATE: NEW YORK 

(E) COUNTRY: USA 

(F) ZIP: 10154 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: DISKETTE, 3.50 INCH , 1.44M3 

(B) COMPUTER: IBM PC COMPATIBLE 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS 

(D) SOFTWARE: WORDPERFECT 5.1 

(vi) CURRENT APPLICATION DATA: 

(B) FILING DATE: 19-MAR-1997 

(vii) PRIOR APPLICATIN DATA: 

(A) APPLICATION NUMBER: US 08/618,936 

(B) FILING DATE: 20-MAR-1996 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: BROWN, KATHRYN M. 

(B) REGISTRATION NUMBER: 34,556 

(C) REFERENCE/ DOCKET NUMBER: 2026-4223PC 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (212) 758-4800 

(B) TELEFAX: (212) 751-6349 

(C) TELEX: 421792 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 AMINO ACID RESIDUES 

(B) TYPE: AMINO ACID 

(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: PEPTIDE 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
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Phe Leu Thr Pro Lys Lys Leu Gin Cys Val 



5 10 



(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS- 

<D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: PEPTIDE 

<*i> SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

Val lie Ser Asn Asp Val Cys Ala Gin Val 



10 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS ■ 

<B> t?pS TH: ,m T 9 ^ IN ° ACID RESIDUES 
ts; TYPE : AMINO ACID 

(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE : PEPTIDE 
SEQUENCE DESCRIPTION : SEQ ID NO : 3 : 

Gin Val His Pro Gin Lys Val Thr Lys 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS • 

(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE : PEPTIDE 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO • 4 • 

Phe Leu Thr Pro Lys Lys Leu Gin Cys Val Asp Leu 
His Val !le Ser Asn Asp Val Cys Ala G l° n Val His 
Pro Gin Lys Val Thr Lys 2 ° 
2i 30 
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(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 0 BASE PAIRS 

( B ) TYPE: NUCLEI C ACID 

(C) STRANDEDNESS : UNKNOWN 

(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

TTC TTG ACC CCA AAG AAA CTT CAG TGT GTG GAC CTC 3 6 

Phe Leu Thr Pro Lys Lys Leu Gin Cys Val Asp Leu 
15 10 

CAT GTT ATT TCC AAT GAC GTG TCT GCG CAA GTT CAC 7 2 

His Val lie Ser Asn Asp Val Cys Ala Gin Val His 
15 20 

CCT CAG AAG GTG ACC AAG 9 0 

Pro Gin Lys Val Thr Lys 
25 30 



(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 90 BASE PAIRS 

(B) TYPE: NUCLEI C ACID 

(C) ' STRANDEDNESS: UNKNOWN 

(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

CTT GGT CAC CTT CTG AGG GTG AAC TTG CGC ACA CAC 3 6 

GTC ATT GGA AAT AAC ATG GAG GTC CAC ACA CTG AAG 7 2 

TTT CTT TGG GGT CAA GAA 9 0 



(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 AMINO ACID RESIDUES 

(B) TYPE: AMINO ACID 
(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE : PEPTIDE 
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<xi> SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

Phe Leu Arg Pro Arg Ser Leu Gin Cys Val 

5 10 

(2) INFORMATION FOR SEQ ID NO : 8 : 

<i) SEQUENCE CHARACTERISTICS • 

(D) TOPOLOGY: UNKNOWN 
(ii) MOLECULE TYPE : PEPTIDE 

SEQUENCE DESCRIPTION: SEQ ID NO 8 : 
Phe Ser Phe Pro Asp Asp Leu Gin Cys Val 

5 10 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS • 

TOPOLOGY; UNKNOWN 

(ii) MOLECULE TYPE : PEPTIDE 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Lya Leu Gin Cys Val Asp Leu His Val 

(2) INFORMATION FOR SEQ ID NO : 1 0 : 

(i) SEQUENCE CHARACTERISTICS- 

(b! t?p? TH: A mt 9 m^ IN ° ACID ^sidues 

u* IYPE: AMINO ACID 
(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: PEPTIDE 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:10 : 

Ser Leu Gin Cys Val Ser Leu His Leu 

5 
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(2) INFORMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 AMINO ACID RESIDUES 

(B) TYPE: AMINO ACID 

( D ) TOPOLOGY : UNKNOWN 

(ii) MOLECULE TYPE: PEPTIDE 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 1 : 

Asp Leu Gin Cys Val Asp Leu Lys lie 
1 5 



(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 AMINO ACID RESIDUES 

(B) ' TYPE: AMINO ACID 
(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: PEPTIDE 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Leu Leu Ser Asn Asp Met: Cys Ala Arg Ala 
15 10 



(2) INFORMATION ■ FOR SEQ ID NO : 1 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 AMINO ACID RESIDUES 

(B) TYPE: AMINO ACID 

( D ) TOPOLOGY : UNKNOWN 

(ii) MOLECULE TYPE: PEPTIDE 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 13 : 

lie Leu Pro Asn Asp Glu Cys Glu Lys Ala 
15 10 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 246 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : UNKNOWN 

(D) TOPOLOGY: UNKNOWN 
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(ii) MOLECULE TYPE : C DNA 

<*i> SEQUENCE DESCRIPTION : SEQ ID NO:14 

GTACCACCAT GAGGTACATG ATTTTAGGCT TGCTCGCCCT 
TGCGGCAGTC TGCAGCGCTG ATATGTTTAA TAATTTTACC 
GTTAGCTTTT GGTTGAGGGT TCCTAAAGTA TCTGCTAGTC 
ATTTAGAACA AGAGTTCTTG ACCCCAAAGA AACTTCAGTG 
TGTGGACCTC CATGTTATTT CCAATGACGT GTGTGCGCAA 
GTTCACCCTC AGAAGGTGAC CAAGTTCATG CTGTGTTAGT 
TTTTGT 

(2) INFORMATION FOR SEQ ID NO:l 5: 

(i) SEQUENCE CHARACTERISTICS - 

B TYPE: NUCLEIC ACID 
C STRANDEDNESS : UNKNOWN 
TOPOLOGY: UNKNOWN^ 

(ii) MOLECULE TYPE: cDNA 

■ (xi) SEQUENCE DESCRIPTION : SEQ ID NO : 1 5 • 

ACAAAAACTA ACACAGCATG AACTTGGTCA CCTTCTGAGG 
GTGAACTTGC GCACACACGT CATTGGAAAT AACATGGAGG 
TCCACACACT GAAGTTTCTT TGGGGTCAAG AACTCTTGTT 
CTAAATG A CT AGCAGATACT TTAGGAACCC TCAACCAAAA 
GCTAACGGTA AAATTATTAA ACATATCAGC GCTGCAGACT 
GCCGCAAGGG CGAGCAAGCC TAAAATCATG TACCTCATGG 
TGGTAC 

(2) INFORMATION FOR SEQ ID NO: 16: 

<i> SEQUENCE CHARACTERISTICS * 

B TYPE: NUCLEIC ACID 
(C) STRANDEDNESS : UNKNOWN 
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(D) TOPOLOGY: UNKNOWN 
(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

TCTAGAAGCC CCAAGCTTAC CACCTGCA 2 8 

(2) INFORMATION FOR SEQ ID NO : 1 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

<C) STRANDEDNESS : UNKNOWN 
( D ) TOPOLOGY : UNKNOWN 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 7 : 

TCTAGATCAG GGGTTGGCCA CGATGGTGTC CTTGATCCAC 4 0 

T 41 
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WE CLAIM: 
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■= ctoin, , w J ein T Pr ° S,a,e SPeC,fi ° "' i8en 0 "' 80 - CPiMPe "* P «<* 

d f r t vT pma * specinc amigen ep "^ ^ »<»* ^ — t 

airrerent HLA class I molecule types. 

to ctaim 1 wh 3 ' ■ J"' PrOStaIe SPedfiC an ' i8e " 0li ^-=P"°Pe P=P'ide according 

" ' T 3fler Cl " Va8e ° f PSA -° P » ■»«*« PSA-OP cleavage 
*. mencs, ,„e PSA-OP c,eava ge fragments blnd IO one or _ ^ J 

molecule types. 

to claim 3, w hln ^ ^ ^ 

PSA OP cleavage fragments are produced by a protease. 

or, , , 5 ' ^ e prostate specific antigen oligo-epitope peptide (PSA-OP) 
or analogs thereof according to claim i nr a u ■ } 
. u . " g t0 c,aim 3 or 4 wherein the PSA-OP cleavage 

fragments bind to one or more HLA cla« i mo, , 

class I molecule types selected fmm m Q 

HL :^™r hlab44 ' hla - c ^ — — 

.hereof acco d ^ , ^ ^ 0,i ^"^ ^ or a„a,ogs 

eof acccrdmg ,o clatm , thr0 „ gh 4 or 5. w „ erein ^ 8 

ep^pe [ide n vanably compriKs ^ ammo ^ ^ ^ H ^.gen 

aoout 12 amino acids. 

lh , f „ 7 ' ^ Pr ° Sla,eSpeCinc a ""^ o'igo-epitope peptides or analogs 
■hereof accord.ng ,0 c,a m , , hr „ ugh 5 or 6 , „ nerei „ each ^ ^ ^ 
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epitope peptide are adjoined together directly by a peptide bond or by an amino 
acid linker sequence. 

8. The prostate specific antigen oligo-epitope peptide or analog 
thereof according to claim 1 through 6 or 7, wherein the prostate specific antigen 
oligo-epitope peptide comprises repeating units of one or more prostate specific 
antigen epitope peptides. 

9. The prostate specific antigen oligo-epitope peptide or analogs 
thereof according to claim 1 which comprises a first prostate specific antigen 
epitope peptide (PSA1): 

FLTPKKLQCV (SEQ. ID NO.: 1) and analogs thereof and a second 
prostate specific antigen epitope peptide (PSA3): 
VISNDVCAQV (SEQ. ID NO.: 2), and analogs thereof. 

10. The prostate specific antigen oligo-epitope peptide or analogs 
thereof according to claim 9 wherein the first prostate specific antigen epitope 
peptide and the second prostate specific antigen epitope peptide axe adjoined 
together directly by a peptide bond. 

11. The prostate specific antigen oligo-epitope peptide or analogs 
thereof according to claim 9 further comprising a linker amino acid sequence which 
adjoins PSA I and PSA3, the linker sequence comprising about 1 to about 10 amino 
acids. 

12. The prostate specific antigen oligo-epitope peptide or analogs 
thereof according to claim 9 further comprising a third prostate specific antigen 
epitope peptide adjoined to the second prostate specific antigen epitope peptide. 

30 13. The prostate specific antigen oligo-epitope peptide or analogs 

thereof according to claim 1 comprising: 



20 



25 
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10 



F L T p K K r 

141 142 143 144 145 m « ,*n , 7« - ^. u L 

.52 



A L Q C V n 

145 146 147 148 149 150 15! J 



H V T o M 

N D V 



153 154 155 156 i =n , = n C A Q V w 

156 !, 7 158 159 160 161 162 163 164 

P Q K V T v /OT ^ 

165 166 167 168 169 17 0 ( EQ ' ID ' N ° ' 4 > 

and analogs thereof. 



,„ . '"' ^ Pr ° !,a,e !peCiflc ami f" o'igo-epitope peptide or analogs 

^eof accc, dlng to Cm , 3 compris , ng , q( <*• 

'5 postttons se.ec.ed from the group consis[|ng of ^ ^ ^ ^ ^ 

15. A composition comprising the prostate specific antigen oliso- 
P-cpe pep t , d e or ^, ,„ ereof accordmg (o c]aim , ^ °»«° 

M Cass , or a cell expressing al lMst _ 
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30 
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16. A composition accordmg to cia im !5 wherein the HLA class 
I molecule ,s select from the group consisting of HLA-A 1 , HLA-A2 HLA-1 3 

HLA Cw3 HLA ' A26 ' HLA " A28> HLA " A32 ' M ' H — 

HLA " CW4 ' HL A-Cw5, HLA-AW68 and HLA-B53. 

w - r . 1? ' A C ° mpOSition accor ding to claim 15 wherein the prostate 
specific antigen oligo-epitope peptide is SEQ. ID. No. 4. 

, . r . A Pharmaceutic ^ composition compnsing the prostate 

ectfic antigen ol, go -e P ito P e pep tide or ana)ogs (hereof Qf ^ , 

and a pharmaceutical^ acceptable diluent, carrier or excipiem carrier. 

ine a DNA AP iS0l3ted Pr ° State SpedflC ^ °NA sequence compris- 

ing "quence which encodes the prostate specific antigen oHgo-epUope 

pept.de or a.aJogs thereof according to claim 1 through 13 or 14 
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20. An isolated prostate specific antigen DNA sequence compris- 
ing a DNA sequence which encodes the prostate specific antigen oligo-epitope 
peptide or analogs according to claim 9. 

5 21. An isolated prostate specific antigen DNA sequence compris- 

ing SEQ. ID NO.: 5, SEQ. ID NO.: 6, or analogs or variants thereof. 

22. A plasmid or virus vector comprising the prostate specific 
antigen DNA sequence according to claim 19, 20 or 21. 

10 

23. A virus vector comprising the DNA sequence of SEQ. ID 

NO.: 14. 

24. The vector according to claim 22 or 23 wherein the vector is 
15 a E. coli plasmid, a Listeria vector, an orthopox virus, avipox virus, capripox 

virus, suipox virus, vaccinia virus, baculovirus, human adenovirus, SV40 or 
bovine papilloma. 

25. A host cell comprising a plasmid or virus vector according to 
20 claim 22, 23 or 24 wherein the host cell expresses the prostate specific antigen 

oligo-epitope peptide or analog thereof. 

26. The host cell according to claim 25 wherein the host cell 
binds cleavage fragments of the prostate specific antigen oligo-epitope peptide or 

25 analog thereof. 

27. The host cell according to claim 26 wherein the cleavage 
fragments are produced by a protease. 

30 28. The host cell according to claim 26 wherein the host cell 

additionally expresses a HLA class I molecule type selected from the group 
consisting of HLA- 1, HLA-2, HLA-3, HLA-A11, HLA-A24, HLA-A26, HLA- 
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A 28 . H LA . A32 , „ LA . B7 , HLA . B44 _ HLA-Cw3, HLA-Cw4, H LA . C w5 HLA 

Aw68 and HLA-B53. 

29. The host cell according to claim 26 wherein the host cell 



5 expresses HLA-A2 

30. The host cell accordin 
expresses HLA-A3. 



30 



g to claim 26 wherein the host cell 



expresses HLA A 7 T ^ ^ ^ Whwein * e hos < cell 

expresses HLA-A2 and HLA-A3. 

an f - h ° St CeI1 aCC ° rdin S to c!aim 26 wherein the host cell is 

an antigen presenting cell. 1S 

dendmic ceu. ^ ^ aCC ° rd '" 2 '° ^ 32 Wh "='" "* "<> - * 



20 specific MliE e„ 34 (PSA) A D r? ,na "' C ° mPri! ' n8 ' ^ '"<° Whta * > 

; he -u.es , e Mpressio „ orthe pro J ^; 4 ,s 

an " ge " °" e °- ePi ^ or rra g me„,s rnerec, ,„ a hos , T 



papU.oma toto w„ ich . Pro ute 1 ; "° VirUS ' SV4 ° ^ bOVi ° e 

encc.es ,Ke prosu.e spec ,7 ^ """" ^ ^ ^ 

-^n o„ g o-e pi ,„ pe peplide J" ' "* ° f Ih = **** 

nos. en, ,„r=c,ed L ei a„ d Ih f " " °" SU *« ° f 

and lhe ,„rec,ed „„» ce„s e„c,ts an ,mmu„e respo„ se 
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directed against PSA, ceils expressing PSA, cells expressing a prostate specific 
antigen oligo-epitope peptide or analogs thereof, or cells binding cleavage frag- 
ments of the prostate specific antigen oligo-epitope peptide or analogs thereof. 

5 36, A recombinant virus of claim 35 further comprising a DNA 

sequence encoding an immunoenhancing molecule, the molecule selected from the 
group consisting of influenza peptide, tetanus toxoid, tetanus toxoid CD4 epitope, 
Pseudomonas exotoxin A and poly-L-lysine. 

10 37. A pharmaceutical composition comprising the recombinant 

virus according to claim 35 and a pharmaceutical^ acceptable diluent, carrier, or 
excipient carrier and optionally a biological response modifier selected from the 
group consisting of interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin- 12 (IL-12) 
interferon, tumor necrosis factor (TNF) granulocyte monocyte-colong stimulating 

15 factor (GM-CSF) and cyclophosphamide. 

38. A method of stimulating the immune system of a mammal 
against prostate specific antigen for the purpose of preventing the establishment and 
growth of PSA positive carcinoma cells comprising administering to said mammal 

20 the recombinant virus according to claim 34, 35 or 36 in an amount sufficient to 
effect said stimulation. 

39. The method according to claim 38 wherein the recombinant 
virus is vaccinia virus of the NYC strain or v-WR strain. 

25 

40. The method according to claim 39 wherein the vaccinia virus 
is recombined with an attenuated human vaccinia virus strain. 

41. The method according to claim 38 further comprising 

30 administering with said recombinant virus a biological response modifier selected 
from the group consisting of interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin 
12, interferon, tumor necrosis factor (TNF), GM-CSF and cyclophosphamide. 
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A . 42 ' ThC meth ° d accor d<n g to claim 38 further comprising 

administering with said recombinant virus an adjuvant. 



comprising; 



«. A method of inhibiting or killing PSA positive tumor ce „ s 



„• , • S en eraiing PSA specific cytotoxic T lymphocytes in vitro by 

P^c a.t.gen OIlgo - ep „„ p e pep ,, de of c|a , m , lhrough „ ^ 

<=yK«oxic T lymphocytes; and 8 

cy.es alone or ^ r""""' ' ra " Sfe ™ 8 "* ^ T '»"»■»- 

L in, C ° Pr ° M,e SP = C,fic ■»«*» 

" , ° 3 mammal ^ M — ' '° — - «« - PS A pos.tive 



a mammal comprising: 



44. A method of inhibiting or kill.ng PSA positive tumor cells in 



ari ■ . ■ ^ 8enerati " 8 PSA Spedfic T lymphocytes /„ vivo by 

administration of an effective amo.,nr nf V 

Peptide of claJ m , thro Ug I 4 , Pr ° State ^ ° ! ~- 

liposomes, and ^ " wi * « a ^ " 

or kill ps a ^ SPeCiflC Cyt ° tOXiC T » generated inhibit 

or kill PSA positive tumor cells in the mammal. 



45. 



The method according to claim 44 wherein the adjuvant is 
selected from the group consisting of R1B1 Detox OS2 , „, „ • 
Freund's adjuvant Q ' ^ ^ mC ° mp,ete 



30 . A meth0d ° f gCnerating an lmmune «sponse to prostate 

specific antigen .„ a population of humans hav.ng more than one HLA-Cass I 
molecule type comprising: 

administering of an effective amount of a prostate specific 
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10 



15 



20 



25 



antigen oligo-epitope peptide or analogs thereof according to 
claim 1 through 13 or 14, alone or in combination with an 
adjuvant, 

said amount is sufficient to generate a PSA specific immune 
response in a population of humans having more than one 
HLA-class I molecule type. 

47, The method of claim 46 wherein the HLA-class I molecule 



types are selected from one or more members of the group consisting of HLA-A1, 
HLA-A2, HLA-A3, HLA-A11, HLA-A24, HLA-A26, HLA-A28, HLA-A32, 
HLA-B7, HLA-B44, HLA-Cw3, HLA-Cw4, HLA-Cw5, HLA-Aw68 and HLA- 
B53. 



48. The method of claim 46 wherein cellular proteases from an 



antigen presenting cell cleaves the prostate specific antigen oligo-epitope peptide or 
analogs thereof into cleavage fragments which bind to one or more HLA-class I 
molecule types. 

49. The method of claim 46, wherein the immune response is 
generation and expansion of PSA specific cytotoxic T lymphocytes which kill or 
inhibit PSA positive cells. 



50. A recombinant virus according to any of claims 34 through 



36 for use in a method of stimulating the immune system of a mammal against 
prostate specific antigen for the purpose of preventing the establishment and growth 
of PSA positive carcinoma cells, said method comprising administering to said 
mammal the recombinant virus in an amount sufficient to effect said stimulation. 



51. The recombinant virus according to claim 50 wherein said 



method further comprises administering with said recombinant virus a biological 
response modifier selected from the group consisting of interleukin 2, interleukin 6, 
interleukin 12, interferon, tumor necrosis factor, GM-CSF and cyclophosphamide. 
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one of claims I ^ ™* » 

specie a,u g e: 0Ii w,,h an effec,,ve 2m ° u - ° f - — 

said ami, s H ' e °" e ' '" COmbi " a "° n Wi ' h °" e " ™ re 
cytes; and 8enera "" S PSA ^ <^°'°- T Ivmpho- 

B) adoptively transferring the PSA sn^if^ . f 

•o or ,„ combination with ihe ^ s ^ix~ r°- 

:::::: a mammai in - — — - — - «« - 

" or own,, , 5 L B 1 MT u ! eCifiC ° li80 " eP " 0pe ^ ~« 10 

• PO^ve tumor cells in ' ' " " WA 

in a mammal, sai d method comprising- 

„; a „ e^i;::: PSA s r ific cytoto<,c t ,ym > h °^ - * 

peptide alone or ' 00! ' ^ ^ °»^">* 

^ l*P n=, ,„ comb.nat.on with an adjuvant or iiposomes, and 

o r m PSA .irdt;: :::: t — - ~— — 

.0 Cain, 53 where the^ ^ ^ P ^ ~S 

m where tne adjuvant used m said method is selected from ,h. 

" consisting of RIB] Detox OS2I a i„ m „ • 8r ° Up 

ox. QS2I, a | um and , ncomp|ele Freund . s adjuvam 

thereof according ,0 ^ ^ « -a,o g s 

» immu „= r=sZ o P : ■ r sh 14 for - - • «** 

30 more than one H LA - ass m ^ 2 P °»™ m °' 

C ' aSS ' mo,ecule 'VP*, said method comprising 

administering an effective amount of ,he proL.e specific 
anttgen oiigo-epiuope peptide or analogs thereof, aione or in 
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combination with an adjuvant, 

said amount is sufficient to generate a PSA specific immune 
response in a population of humans having more than one 
HLA-class I molecule type. 

5 

56. Use of a prostate specific antigen oligo-epitope peptide as 
claimed in any of claim 1 through 14 for the manufacture of a medicament for use 
in a method as defined in any of claim 38 through 49. 
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